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Ribosome-inactivating proteins (RIPs) belong to a group of N-
glycosidases which can attack ribosomes and catalytically hydrolyze a specific 
N-glycosidic bond amongst some 7000 in ribosomes (A-4324 in rat liver 28S 
rRNA) and thereby inhibit protein synthesis. The applications ofRIPs include 
conjugation with antibodies to form immunotoxins and expression in plants to 
increase their resistance against viral and fungal infections. 
In order to select those RIPs that are more suitable for the construction 
ofcertain immunotoxin, to better understand their roles in plants, and to identify 
those with higher antiviral activity, there is a need for purifying new RIPs from 
different sources. In the present study searching for new RIPs, the crude extract 
of the garden pea {Pisum sativum) displayed a high level of translation-
inhibitory activity. The protein was purified by affinity chromatography on 
Affi-gel Blue gel, immobilized metal ion affinity chromatography on 
Iminodiacetic acid-agarose, cation-exchange chromatography on Resource-S, 
and gel filtration on Superose 12 HR 10/30. The chromatographic procedure 
yielded two proteins on SDS-PAGE, named as a - and P-pisavin, with a 
molecular weight of 20.5 and 18.7 kDa respectively. Both proteins are not 
glycosylated. On isoelectric focusing, these two proteins merged into one band 
with a pI greater than 9.3. The first twenty N-terminal amino acids o f a - and 
P-pisavin were identical. These observations suggest that a - and p_pisavins are 
likely to be isofomis of the same protein with slight differences in the C_ 
vii 
terminal amino acid sequences which arise from posttranslational modifications 
in which some groups have been added or removed. 
Pisavin acted on the ribosomal RNA, releasing a specific Endo's 
fragment from the 28S ribosomal subunit. Protein synthesis by rabbit 
reticulocyte lysate translational system was potently inhibited with an IC50 of 
0.5 nM. Besides the specific action on ribosomal RNA, pisavin was also found 
to act on DNA, changing the conformation of DNA from supercoiled and 
circular forms into a linear form. Activity of pisavin towards tRNA was also 
observed. These activities were in agreement with recent findings which 
proposed that RIPs should be renamed as polynucleotide-adenine glycosidases. 
viii 
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Chapter 1 Introduction 
1.1 Ribosome-inactivating proteins (RIPs) 
Ribosome-inactivating proteins (RIPs) belong to a group of proteins 
called N-glycosidases which are capable of inhibiting protein synthesis by 
attacking the larger subunit of ribosomes. 
Until now over 70 RIPs have been purified and characterized [Battelli 
and Stirpe 1994]. Apart from a few isolated from fungi and bacteria (e.g. Shiga 
toxin and a-sarcin), the vast majority of RIPs are found in flowering plants 
Tong et al. 1991 ]. In most respects, the RIPs identified belong to a few families 
which were more extensively explored than the others (e.g. more than 15 RIPs 
were isolated from the family of Cucurbitaceae and 17 RIPs were isolated from 
Caryophyllaceae). For some species, different isoforms of RIPs are present in 
different parts of the same plant, or even in the same anatomical structure. For 
example, saporins L1 and L2 are both present in the leaves of Saponaria 
officinalis, while saporins R1 and R2 are isolated from the roots. Saporin S5, 
another isoform, is detected in the seeds of the same plant [Ferras et al. 1993". 
The physiological role of ribosome-inactivating proteins still needs to be 
elucidated. It is generally believed that this group of proteins plays a role in 
plant defence, for example, as antiviral agents to prevent the plants from viral 
infection. 
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At present, research on RIPs aims not only to unravel their biological 
roles and distribution in the plant kingdom, but also to investigate their 
application in medicine, in the construction of immunotoxins to combat AIDS 
and kill cancer cells specifically, as well as their possible application in 
agriculture, such as their expression in crops to reduce viral infection. 
I.1.1 Types ofRIPs 
Traditionally, RIPs were divided into two groups based on the number 
of subunits they possess (Fig. 1.1) [Stirpe et al. 1992]. Type I RIPs are made up 
of a single polypeptide chain with N-glycosidase activity. The other group, type 
II, consists of two polypeptide chains joined by a disulfide bond. Both types of 
RIPs exert their inhibitory effect on protein synthesis in the same manner. A 
comparison of the two types of RIPs is shown in Table 1 • 1. Table 1.2 lists the 
examples ofRIPs from both types. 
Figure 1.1 Structures of the two types of RIPs. 
t H： 
i A-chain with B-chain with 
i N-glycosidase lectin activity 
/ activity 
Type I Type II 
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Table 1.1 Comparisons of two types ofRIPs 
Type 1 Type 2 
Polypeptide chain (no.) 1 2 or 4 
Molecular mass (kDa) 26 - 3 0 60 - 13 5 
Inhibition of protein synthesis (IC50，nM) 
Cell-free (rabbit reticulocyte lysate) 0.05 - 4 0.04 - 3.5 
HeLa cells 200 - 900 0.0003 - 0.008 
1.1.1.1 Type I RIPs 
The majority of the RIPs found to date belongs to type I，the molecular 
weight of which ranges from 26 kDa to 30 kDa. Recently, several small type I 
RIPs have been purified with molecular weights of approximately lOkDa [Gao 
et al. 1994; Pu et al. 1996]. Type I RIPs exihibit low toxicity towards intact 
cells. The IC50 value (concentration giving 50% inhibition) on intact cells is 
between 200 and 900 nM. On the other hand, they are potent inhibitors in the 
cell-free protein synthesis system (IC50 between 0.05 and 4 nM) (Table 1.1). In 
contrast to type II RIPs which only inactivate eukaryotic ribosomes, these 
single-chained RIPs show activity toward not only eukaryotic ribosomes, but 
also prokaryotic ribosomes [Chaddock et al. 1994:. 
5 
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Table 1.2 Examples of ribosome-inactivating proteins (Modified from Barbieri et cd., 
1993) 
Plant name Plant tissue REPs purified 
Type I RIPs 
Asparagaceae 
Asparagus ojficinalis seeds asparin 1, asparin 2 
Caryophyllaceae 
Dianthus barbatus leaves dianthin 29 
Saponaria officinalis leaves, seeds, roots saporins Ll，L2, R1, R2, S5, etc 
Lychnis chalcedonica seeds lychnin 
Cucurbitaceae 
Bryonia dioica leaves, roots bryodin-L, bryodin-R 
Cucumis melo seeds melonin 
Luffa cylindrica seeds luffin a, luffin b 
Momordica charantia seeds momordin I，momordin H 
Euphorbiaceae 
Gelonium multiflorum seeds gelonin 
Manihot palmata seeds mapalmin 
Nyctaginaceae 
Mirabilis jalapa roots Mirabilis antiviral protein 
Phytolaccaceae 
Phytolacca americana leaves, seeds, roots Phytolacca antiviral protein 
(PAP), PAP II，PAP-S, PAP-R 
Phytolacca dioica seeds PD-S1, PD-S2, PD-S3 
Poaceae 
Triticum aestivum germ, seeds tritin 
Zea mays seeds maize RIP 
Type II RIPs 
Euphorbiaceae 
Ricinus communis seeds ricin D, ricin E 
Fabaceae 
Abrus precatoriiis seeds abrin a, abrin c 
Sambucaceae 
Sambuciis ebulus leaves ebulin 1  
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1.1.1.2 Type II RIPs 
Type II RIPs, as the name implies, consist o f two subunits linked by a 
disulfide bond. There is an A-chain with N-glycosidase activity, and a B-chain 
with a galactose-specific lectin domain that can bind to the cell surfaces. The 
molecular weight of the A-chains oftype II RIPs is similar to that oftype I RJPs 
while that ofB-chains is slightly higher. 
Type II RIPs are generally less abundant than type I RIPs. They were 
found only in a few plant species from the families ofEuphorbiaceae, Fabaceae， 
Passifloraceae, Sambucaceae and Viscaceae. Owing to the presence of lectin 
activity of B-chain (Figure 1.1) which is able to bind to the cell surface, the 
intact protein is highly cytotoxic (Table 1.1). The disulfide bond is reduced on 
entering the cell. However, intact type II RIPs generally exhibit no activity on 
ribosomal RNA. They are only effective in inhibiting protein synthesis when the 
two chains are separated by reduction of the disulfide bond. Actually the N_ 
glycosidase activity is bound with its A-chain [Endo et al.l987a]. 
1.1.2 Physicochemical properties 
All type I RIPs show similar physicochemical properties, including a 
molecular weight of about 30 kDa and a v e ^ basic isoelectric point (pI), usually 
higher than 9. The molecular weights ofthe A chains oftype II RJPs are similar 
to those oftype I RIPs, while those o fB chains are slightly higher. Most RIPs of 
7 
Chapter 1 Introduction 
either type are glycoproteins. Glycosylation is not essential for the enzymatic 
properties as there are some RIPs devoid ofneutral sugars [Barbieri et al. 1993]. 
A partial amino terminal sequence, and in various cases a complete 
amino acid sequence, has been obtained for most RIPs. Similarity in the primary 
structures of different RIPs is not marked, although the extent of homology 
increases in proteins from taxonomically related plant species [Legname et al. 
1991;Ferras etal. 1993]. 
1.1.3 N-glycosidase activity ofRIPs 
N-glycosidase activity is a unique property possessed by ribosome-
inactivating proteins. RIPs exert their N-glycosidase activity by acting on the 
larger ribosomal subunits and catalytically hydrolysing a specific N-glycosidic 
bond between adenine and the carbohydrate backbone. This process is called 
depurination (Figure 1.2) [Hartley et al. 1991 ]. 
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Figure 1.2 The mode of action ofRIPs. A single adenine base is cleaved by the N-
glycosidase activity ofRIPs, which subsequently renders the phosphate-carbohydrate 
backbone susceptible to acid aniline-catalysed hydrolysis at the site of depurination. 
The molecular mechanism by which RIPs act on ribosomes has been 
elucidated by Endo and Tsurugi. In the case of rat liver ribosomes, the N-
glycosidic bond at A-4324 of the 28S rRNA is specifically cleaved [Endo et al. 
1988a]. The removal of adenine renders the phosphate-carbohydrate backbone at 
the site of depurination, the phosphodiester bond between A-4324 and G-4325, 
susceptible to acid aniline-catalysed hydrolysis and a fragment of 450 nucleotides 
is released from the 3' end of the rat liver ribosomal RNA. This fragment, known 
as the p-fragment, is diagnostic of the N-glycosidase activity and can be visually 
displayed by gel electrophoresis from which a distinctive band called Endo's band 
can be observed. 
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1.1.3.1 Specificity ofN-glycosidase activity 
Ribosomal RNA identity elements for RIP recognition and catalysis have 
been studied by Endo and his colleagues using a synthethic RNA oligonucleotide 
to reproduce the sequence and the secondary structure surrounding the adenine 
residue [Endo et al. 1991]. All cleaved adenine residues within the rRNA are 
located in a purine-rich GAGA sequence present in a loop and stem structure of 
rRNA, suggesting that RIPs recognise this specific structure. This sequence is 
conserved throughout the different species from bacteria to mammals (Table 1.3) 
[Endo et al. 1988a; Battelli et al. 1994]. 
Table 1.3 Nucleotide sequence in rRNA surrounding the adenine removed by RIPs 
[Hartley etal., 1991] 
Ribosomal RNA Sequence Nucleotides® 
- ^ 
Escherichia coli 23 S AGUACGAGAGGACC 244 
Nicotiana tabacum chloroplast 23S AGUACGAGAGGACC 133 
Saccharomyces cerevisiae 26S AGUACGAGAGGAAC 368 
Citrus limon 26S AGUACGAGAGGAAC 360 
Rattus norvegicus 28S AGUACGAGAGGAAC 393 
i indicates the site of cleavage 
@ the number gives the distance, in nucleotides, from the target adenine to the 3, end 
ofrRNA 
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1.1.3.2 Inhibition of protein synthesis 
RIP-treated ribosomes were found to be no longer functional for protein 
synthesis [Dallai and Irvin 1978]. The mode of inhibition of protein synthesis has 
been attributed to the impairment of the functions ofboth elongation factors EF-1 
and EF-2 [Gessner and Irvin 1980]. The location of the target adenine is known to 
be a key binding residue for elongation factors EF-1 and EF-2 [Irvin 1994]. The 
cleavage of adenine (A-4324 in rat ribosomal RNA) interferes with the EF-1_ 
dependent binding of aminoacyl-tRNA to the acceptor site of the ribosome. The 
EF-2.GDP .ribosome complex formation is also disrupted and this results in the 
inhibition of EF-2-catalysed translocation of acceptor site aminoacyl-tRNA to the 
donor site [Ready et al. 1983]. As a result, elongation of proteins is inhibited. 
1.1.4 Other enzymatic and biological activities of RIPs 
1.1.4.1 Enzymatic activities 
Previously, the only enzymatic actvity possessed by RIPs was known to be 
N-glycosidase activity and ribosomal RNA was shown to be the only substrate for 
RIPs: depurination occurs at a precise position corresponding to adenine-4324 of 
rat liver 28S rRNA in a highly conserved loop-and-stem structure [Endo et al. 
1991]. More recently, it was found that this group of proteins might have a much 
11 
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wider substrate specificity: they are actually capable of releasing adenine from 
many adenine-containing polynucleotides including various RNA, DNA and 
poly(A) (Table 1.4) [Roncuzzi and Gasperi-Campani 1996; Barbieri et al. 1997]. 
For example, the type II RIP ricin is capable of removing 2'-deoxyadenine from a 
synthetic dodecanucleotide with a GdAGA loop, actually at a faster rate than it 
removes adenine from a similar dodecanucleotide with a GAGA loop [Olivieri et 
al. 1996]. However, no bases were liberated from poly(C), poly(U), poly(G), or 
various adenine-containing non-polynucleotide compounds such as ATP and 
adenosine. On the basis of these new properties obseved, the name of 
polynucleotide:adenine glycosidase was proposed for RIPs [Barbieri et al. 1994]. 
Table 1.4 Effect of saporin-Ll on various adenine-containing 
substrates [Barbieri etal., 1994� 
Substrate Adenine released 
(pmol) 
Poly (A) 2,038 
Globin mRNA (rabbit reticulocyte) 1，5 87 
DNA (herring sperm) 747 
Bryonia dioica poly (A)-RNA 524 
Escherichia coli rRNA (16S + 23S) 435 
Saccharomyces cerevisiae tRNA^^® 425 
Tobacco mosaic vims genomic RNA 371 
Bacteriophage MS 2 genomic RNA 336 
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1.1.4.2 Multiple depurination 
Table 1.5 Depurination of rat liver ribosome by RIPs [Barbieri et al., 
1992] 
Adenine released 












In addition to the specific cleavage of adenine at position 4324 of rRNA, 
some non-specific depurination has also been reported for some RIPs. Barbieri 
and his colleagues are among the earliest who observed that some RIPs (saporins, 
PAPs, and trichokirin) depurinated rat liver ribosomes at more than one site. More 
than one mole of adenine was released from one mole of ribosome (Table 1.5) 
[Barbieri et al. 1992]. Nevertheless, adenine at position 4324 is apparently more 
13 
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sensitive to depurination than the others. This new property of multiple 
depurination is not related to the inhibitory activity on cell-free protein synthesis 
[Barbieri et al. 1996]. The distinctive multiple depurination without inhibition of 
translation indicates that these RIPs accept also other different rRNA motifs 
containing sensitive adenine in the ribosome. In other words, some RIPs are not 
so specific as other RIPs which release only the A-4324 from each ribosome. 
1.1.4.3 RNase activity 
In addition to N-glycosidase activity, some RIPs inactivate ribosomes by 
virtue of their RNase activity. The common RIPs cannot generate cleaved rRNA 
fragments without aniline treatment after incubation with ribosomes. But these 
RIPs can do so and they act as phosphodiesterase. For example, a-sarcin derived 
from the mold Aspergillus giganteus causes a specific cleavage of a single 
phosphodiester bond (between G-4325 and A-4326) in the 28S rRNA [Endo et al. 
1983] and releases a fragment known as the a-fragment from the 3, end. The , 
cleavage site is just adjacent to the N-glycosidic bond (A-4324) cleaved by other 
RIPs. 
Besides a-sarcin, other fungal RIPs such as restrictocin and mitogillin, 
both originated from the mold Aspergillus restrictus, were also demonstrated to 
inhibit protein synthesis through their RNase activity in exactly the same manner 
14 
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[Fong et al. 1991]. Although this activity is rare among plant RIPs, momorcharins 
(from Momordica charantia) were also reported to induce ribonucleolytic 
cleavages in naked rRNA [Mock et al. 1996]�and luffm-S, a small RIP with 
molecular weight of 10 kDa isolated from Luffa cylindrica, also shows 
ribonucleolytic activity [Gao et al. 1994]. The same phosphodiester bond in the 
28S rRNA is cleaved by luffm-S. 
1.1.4.4 DNase activity 
Earlier, trichosanthin (from Trichosanthes kirilowii) was reported to have 
a DNase-like activity which cleaved the supercoiled double-stranded DNA to 
produce nicked circular and linear DNA [Li et al. 1992]. Cleavage of supercoiled 
double-stranded DNA by several RIPs was then studied by Ling and coworkers 
[Ling et al. 1994]. Upon treatment with RIPs, supercoiled DNA was converted 
into a nicked circular conformation at low concentrations and further into a linear 
form at high concentrations. Further reports showed that RIPs like gelonin could 
even act on the single-stranded DNA pSficolas et al. 1997]. It was of interest to 
find that although intact type II RIPs (e.g. ricin from Ricinus communis) exhibited 
no RNA N-glycosidase activity, they were able to cleave supercoiled DNA 
without the reduction of the disulfide bond. This implies that RNA N-glycosidase 
and supercoil-cleaving activity might be implemented by diverged domains of the 
RIP molecule. 
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The exact biological meaning of these novel activities remains to be 
ascertained. The effects of RIPs on substrates other than rRNA may be related to 
the antiviral role of these proteins. With this activity they could directly inhibit the 
replication of viruses by damaging their genomic or messenger RNA. 
1.1.4.5 Biological activities 
Several RIPs were found to possess activities such as abortifacient, anti-
AIDS, anti-viral and immunosuppressive activities. 
Abortifacient activity is a common biological activity of RIPs from the 
family of Cucurbitaceae. Trichosanthin is active in inducing abortion in animal 
models and in terminating human pregnancy [Chan et al. 1979; Dong et al. 1994]. 
Other members such as momorcharins, luffins and luffaculin also act in the same 
manner [Ng et al. 1992]. There was a general correlation between mid-term 
abortifacient activity and protein synthesis inhibiting activity [Dong et al. 1993]. It 
is believed that other RIPs might also possess this abortifacient activity. 
Type I RIPs are highly toxic to macrophages. They exert a strong 
inhibitory effect on the production of antibody-secreting cells in response to the 
administration of a T-dependent antigen [Spreafico et al. 1983; Stirpe and Barbieri 
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1986a]. Other properties of RIPs such as anti-viral and anti-AIDs will be 
discussed in sections 1.1.6 and 1.1.7. 
1.1.5 Storage of RIPs in plant cells 
Plant ribosomes are also susceptible to the action of RIPs, including their 
own RIPs. There were reports that the 25S rRNA from pokeweed {Phytolacca 
americana L.), the plant which produces the type I RIP called pokeweed antiviral 
protein (PAP), is inactivated on extraction, thus during extraction ribosomes must 
come into contact with active PAP and depurination occurs [Taylor and Irvin 
1990; Bonness et al. 1994]. Prestle et al. (1992) extended the research to other 
RIP-producing plants and demonstrated that P-fragments were released from 
ribosomes extracted from many RIP-producing plants even though no RIP-
treatment had been carried out, and additional treatment with RIPs had no further 
effect [Prestle et al. 1992b]. In contrast to these observations, cereal seed 
ribosomes appear to be insensitive to the action of their endogenous RIPs. For 
example, wheat-germ and maize ribosomes are unaffected by their endogenous 
RIPs, tritin, and maize RIP respectively [Taylor and Irvin 1990; Carzaniga et al. 
1994]. This discrepancy leads to the suggestion that in plant cells, RIPs would 
either be segregated from the ribosomes, or exist in an inactive form, or be kept 
inactive by an inhibitor so that the normal protein synthesizing mechanism is not 
affected. 
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1.1.5.1 RIPs targeted to subcellular compartments 
Table 1.6 Comparison ofN-terminal amino acid sequences (deduced from 
cDNA sequences) of several RIPs [Legname et al.，1991] 
Abrin MK D D K T L K L L I L C L A WT C S F S A -
Ricin MK P G G T I V I WMY A V A T WL C F G S T 
Saporin-S6 MK I Y V V A T I A WI L L Q F S A WT T T D 
Trichosanthin MI R F L V L S L L I L T L F L T T P A V E G 
PAP MK S ML V K I Y L V A A I A WI L F Q S S -
Maize RIP MA E I T L E P S D L M A Q T N K R I V P K F 
Barley RIP A A K MA K N V D K P L F T A T F N V Q A S S 
Dianthin MK I Y L V A A I A WI L F Q S S S W-- T T D 
Proteins that are targeted for transportation typically have signal peptides 
that direct the proteins to their destination where the signal peptides are then 
cleaved. A common feature of proteins destined for secretion and organellar 
targeting is that the amino acids composing the signal peptides are predominantly 
hydrophobic. Analysis of RIPs with amino acid sequences derived from 
corresponding cDNA or genomic clones (Table 1.6) has shown that most of the 
amino acid residues composing the N-terminus of RIPs like ricin, trichosanthin, 
saporin (from Saponaria officinalis) and PAP are hydrophobic [Walsh et al. 1991; 
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Barbieri et al. 1993]. Thus these N-terminal extensions act as signal peptides and 
after synthesis the RIPs are presumably transported to subcellular compartments 
that are spatially segregated from the ribosomes. These signal peptides are absent 
from the mature proteins [Montecucchi et al. 1989: • 
Several research groups have attempted to investigate the subcellular 
localization of RIPs by immunolabelling studies. Ready et al (1986) concluded 
from electron microscopy studies that PAP is accumulated in the cell wall matrix. 
After synthesis in the cytoplasm of leaf cells, PAP is extruded across the cellular 
membrane into the cell wall matrix. Folding of the nascent polypeptide and 
cleavage of the signal peptide thus occur outside the cytosol. Pepocin, an RIP 
newly isolated from the sarcocarp of Cucurbita pepo, was also reported to be 
localized in intercellular spaces [Yoshinari et al. 1996]. It is believed that the 
extracellular location of RIPs prevents contact between RIPs and ribosomes of 
healthy cells, and yet provides an immediate source of the toxin when a pathogen 
disrupts the cell. 
Another RIP, saporin, displays a dual localization. Immunolocalization 
studies using gold-conjugated secondary antibodies showed that it is present in 
both vacuolar [Benatti et al. 1991] and extracellular spaces [Carzaniga et al. 
1994]. It is possible that the two saporin components are the products of distinct 
genes. The localization of saporin in the extracellular spaces is consistent with the 
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presence of the N-terminal signal peptides. The vacuolar targeting of the vaculoar 
saporin could result from the presence of a C-terminal peptide extension which 
functions as targeting determinants [Benatti et al. 1989]. 
Similarly, the two-chained RIP ricin is synthesized as an inactive precursor 
containing 565 amino acids with an N-terminal signal peptide [Lamb et al. 1985] 
that directs its translocation into the endoplasmic reticulum lumen. The final site 
of ricin accumulation is in the soluble matrix of vacuolar protein bodies which is 
again not in direct contact with the ribosomes [Carzaniga et aL 1994]. These 
proteins would then be processed post-translationally by removal of the N-
terminal extension. 
Besides, from cDNA sequencing, several other RIPs , such as a -
momorcharin (from Momordica charantid) [Ho et al. 1991], dianthin (from 
Dianthus caryophyllus) [Legname et aL 1991]�and MAP (from Mirabilisjalapa) 
[Kataoka et al. 1991] were also reported to contain N-terminal extensions that 
might act as signal sequences. 
1.1.5.2 Cytoplasmic RIPs 
Unlike other RIPs, the deduced N-terminal sequence of the cereal seed 
RIPs (e.g. maize RIPs and barley RIPs) bears no resemblance to typical signal 
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peptides as possessed by PAP and saporin. They are therefore presumably 
cytoplasmic proteins. However, cereal seed ribosomes appear to be insensitive to 
the action of their endogenous RIPs. It is clear that wheat-germ ribosomes are 
sensitive to RIP inactivation (e.g. PAP), a fmding consistent with the antiviral 
hypothesis. In contrast to this observation, wheat-germ ribosomes are unaffected 
by the endogenous tritin [Massiah and Hartley 1995] and maize and wheat-germ 
ribosomes are also resistant to the action of maize RIP [Bass et al. 1992]. Thus 
these cytoplasmic RIPs should exist as an inactive precursor, or be kept inactive 
by an inhibitor so that the ribosomal activities are not affected. 
Walsh et al. (1992) showed that maize RIP is synthesized and stored in the 
kemel as a 34-kDa inactive precursor (maize pro-RIP). During germination, this 
precursor is converted into an active form by limited proteolysis, which removed 
25 amino acids from the center of the polypeptide chain. It is the 25-amino acids 
linker region that is primarily responsible for the suppression of RIP activity of 
maize pro-RIP. The location and timing of the generation of active RIP in 
germinating maize kernels suggest that RIP may be a component of natural 
defense mechainsms involved in protecting the kemel against soil-bome f\mgi or 
virus. It is probable that other cytoplasmic RIPs also exist in an inactive precursor 
form or are kept inactive by an inhibitor. More work is needed to explain how the 
cytoplasmic RIPs are kept inactive and how they are activated upon viral 
infection. 
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1.1.6 Physiological roles of RIPs 
The actual role of RIPs in plants is not well understood. Based on their 
variable activity towards heterologous and autologous plant ribosomes, several 
roles have been proposed: antiviral activity, antifungal activity, defence against 
predators, a role in the programmed arrest of metabolism during senescence, and 
also a role as storage proteins. 
1.1.6.1 Defensive role in plants 
The most widely studied defensive property ofRIPs is the antiviral activity 
shown towards infections by diverse plant viruses [Lodge et al. 1993; Taylor et al. 
1994]. When co-inoculated with a vims on to the leaves of normally susceptible 
species, PAP {Phytolacca americana L.) reduces the infectivity of plant viruses 
such as tobacco mosaic vims [Stevens et al. 1981] and a variety of others [Irvin 
and Uckun 1992]. In similar experiments, the leaves of tobacco plant were 
inoculated with a mixture of tobacco mosaic vims and either dianthin 32 (from 
Dianthus caryophyllus) or PAP; in both cases the leaves showed resistance 
[Taylor et al. 1994]. In another set of experiments, tobacco plants that were 
introduced with the genes for PAP [Lodge et al. 1993] and trichosanthin (from 
Trichosanthes kiriIowii) [Lam et al. 1996] were resistant against viral infection. 
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Another finding showed that viral infection induced the expression o f two single-
chained RIPs in sugar beet [Girbes et al. 1996]. A summary of effects ofRIPs on 
viruses is given in Table 1.7 [Battelli and Stirpe 1994]. 
An explanation for the antiviral activity ofRIPs was proposed by Ready et 
al (1986). Through immunocytochemical localisation studies they found PAP to 
be localised largely in the cell wall matrix. They proposed that PAP could 
function as a suicidal agent in cells. When the plasma membrane is damaged by 
pathogen attack, for instance, an aphid, release of the RIP into cytosol could 
inactivate the ribosomes and thereby limiting the spread of infection. The antiviral 
hypothesis is also supported by other studies in which a strong correlation was 
demonstrated between the activities ofRIPs in the depurination oftobacco mosaic 
virus [Taylor et al. 1994]. The same explanation can be applied to other RIPs such 
as pepocin (from Cucurbita pepo), dianthin and saporin. Like PAP they are 
normally excluded from the cytoplasm but, once the cell membranes are damaged 
physically or by pathogen attack, the proteins enter the cells and inactivate 
ribosomes, leading to cell death and inhibiting viral replication. In this way RIPs 
can protect the plant against viral infection. 
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Table 1.7 Ribosome-inactivating proteins inhibiting infection by plant 
viruses [Battelli et al., 1995] 
RIPs Virus inhibited Host plant 
Agrostin 2 Tobacco mosaic virus Nicotiana glutinosa 
Agrostin 5 Tobacco mosaic vims Nicotiana glutinosa 
Bryodin Tobacco mosaic virus Nicotiana glutinosa 
Bryodin Tobacco necrosis virus Phaseolus vulgaris 
Dianthin 30 Tobacco mosaic vims Nicotiana glutinosa 
Gelonin Tobacco mosaic virus Nicotiana glutinosa 
MAP Tobacco mosaic virus Nicotiana tahacum 
Momordin Tobacco mosaic vims Nicotiana glutinosa 
PAP Southem bean mosaic virus Phaseolus vulgaris 
PAP Tobacco mosaic virus Phaseolus vulgaris 
PAP Alfalfa mosdc vims Chenopodium amaranticolor 
PAP Cucumber mosaic virus Chenopodium amaranticolor 
PAP Cucumber mosaic vims Nicotiana tabacum 
Saporin S-6 Tobacco mosaic virus Nicotiana glutinosa 
Abrin Tobacco mosaic virus Nicotiana glutinosa 
Modeccin Tobacco mosaic virus Nicotiana glutinosa 
Ricin Tobacco mosaic virus Nicotiana glutinosa 
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In addition to inhibition of viral replication, RIPs (the cereal seed RIPs) 
were reported to inhibit the growth of fungal pathogens [Roberts and 
Selitrennikoff 1986; Leah et al. 1991]. The maize kemel RIP is synthesized as an 
inactive proenzyme which is proteolytically activated during seed germination by 
the removal of an internal peptide [Walsh et al. 1991], A possible physiological 
role served by cereal seed RIPs is that they act as antifungal agents which protect 
the seed during dormancy and early after germination. Indeed, cereal seed RIPs 
have been shown to inhibit fungal growth [Roberts and Selitrennikoff 1986] and 
for the barley seed RIP in particular, flingal ribosomes have been shown to be 
extremely sensitive to RIP action. The barley seed RIP has been expressed in 
tobacco and these transgenic plants were observed to have increased resistance to 
the soil-bome fungus Rhizoctonia solani [Logemann et al. 1992]. 
The presence of RIPs in plants also seems to play a role in driving away 
predators especially during germination. Insect feeding trials demonstrated that 
ricin was toxic at low levels to two coleopteran species C. maculatus and A. 
grandis [Gatehouse et al. 1990]. In this way the seeds are allowed to germinate 
without the threat ofpredation. Such a role is believed to be more often associated 
with dimeric RIPs that contain an additional lectin B-chain that is able to bind to 
the cell surfaces. 
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1.1.6.2 Metabolic role ofRIPs 
RIPs may play a regulatory role in cell metabolism by regulating protein 
synthesis. This hypothesis comes from the fact that RIP activity appears, or 
increases when seeds mature [Ferras et al. 1993] and in senescent or stressed 
leaves [Girbes et al. 1996; Stirpe et al. 1996], in correlation to events leading to 
arrest o f the metabolism ofplant cells. This is also supported by the report of the 
appearance of RIP in barley leaves which are senescent or have been treated with 
methyl jasmonate [Reinbothe et al. 1994]. The effects of RIPs on DNA may 
contribute to this regulation, since the removal of a few or even one adenine 
residue may be sufficient to disrupt transcription. An effect on poly(A) tails of 
mRNAs and on other RNAs may also be of some importance in the regulation of 
cell metabolism [Barbieri et al. 1997:. 
1.1.6.3 RIPs as storage proteins 
The fact that RIPs are usually more concentrated in seeds may suggest 
their function as storage proteins which are involved in germination. In 
Caryophyllaceae, RIPs (e.g. saporins, dianthins) are present in high levels in the 
perisperm. The perisperm generally acts as a major storage tissue and during 
germination reserves are mobilized and subsequently absorbed by the growing 
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embryo. Another RIP ricin is restricted to the endosperm of developing seeds and 
may also act as nutrient reserve. 
1.1.7 Application ofRIPs 
RIPs are of current interest in several diverse areas. They can be used in 
medicine as components of therapeutic chimeric toxins (immunotoxins), or as 
inhibitors of HIV-1 replication. In agriculture, the antiviral property of RIPs is 
being exploited extensively for use as plant defensive molecules. 
1.1.7.1 Therapeutic applications 
1.1.7.1.1 Immunotoxins 
The therapeutic area of major interest for RIPs is as components of 
immunotoxins. Immunotoxins are chimeric molecules in which a protein toxin is 
coupled to a monoclonal antibody or a cell-binding ligand. Because of their 
specific cell-binding ability, immunotoxins are employed in cancer chemotherapy 
and parasitic diseases. They are able to kill the tumor or infected cells specifically, 
while leaving the normal cells unaffected. 
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Immunotoxins have been prepared with both type I and type II RIPs. The 
therapeutic strategies involving the use of RIPs are currently under evaluation. 
The toxin most frequently employed for the construction of immunotoxin in 
cancer chemotherapy is ricin. However, conjugates prepared in this way have a 
poor specificity, since the presence of the B-chain galactose-binding sites can 
override the specificity conferred by the antibody molecules [Lamb et al. 1985 . 
The problem was overcome by either removing the B-chain or by site-specific 
mutation which modified or ‘blocked, the B-chain binding sites with an increase 
in specificity of ricin-based immunotoxins [Thorpe et al. 1985]. 
Type I RIPs are usually linked to antibodies through a disulphide bond. 
Typical examples of RIPs used in construction of immunotoxins are PAP [Jansen 
et al. 1993], gelonin [French et al. 1995a]�saporin [French et al. 1995b], and 
momordin [Stirpe et al. 1988b]�which are proved useful in bone marrow purging, 
show minimal toxicity to pluripotent progenitor, suppress various types of cancer 
cells and are useful in the prevention and treatment of graft-versus-host diseases. 
1.1.7.1.2 Against Human Immunodeficiceny Vims (HIV) 
Attempts have been made to use RIPs to treat HIV infection. The 
observation that trichosanthin can effectively inhibit the replication of type I 
human immunodeficiency virus (HIV-1) in acutely infected lymphoblastoid cells 
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or chronically infected macrophages [McGrath et al. 1989] has led to interest in 
the antiviral properties of RIPs for potential therapeutic applications as anti-HIV 
agents. Indeed the anti-HIV activity is not unique to trichosanthin but a property 
of many RIPs. 
Reports indicate that low concentrations of RIPs effectively shut down 
HIV-directed protein synthesis but do not inhibit protein synthesis of the host or 
uninfected T-cells. One of the examples is PAP. PAP has been shown to have 
potent antiviral activity against human viruses. When added to virus-infected 
cultures, PAP is selectively toxic to cells infected with poliovims [Lee et aL 
1990], influenza virus, herpes simplex vims [Aron and Irvin 1980; Teltow et al. 
1983]�and human immunodeficiency vims (HIV) [Zarling et aL 1990]. However, 
protein synthesis in uninfected cells is not affected, suggesting that PAP is unable 
to enter intact, uninfected cells. Thus it is proposed that the virus-cell interaction 
may facilitate the entry of PAP into the host cell, followed by PAP's inactivation 
ofthe host ribosomes [Aron and Irvin 1980]. In addition, a number of studies have 
shown that PAP-antibody conjugates can be successfully targeted at cells infected 
with HIV, human cytomegalovirus, and acute lymphoblastic leukemia [Irvin and 
Uckun 1992]. The anti-HIV activity ofPAP is greatly enhanced by conjugation to 
an antibody directed toward a T-cell surface determinant [Zarling et al. 1990:. 
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1.1.7.2 Possible use ofRIPs in agriculture 
The potential use ofRIPs in agriculture has been attracting much attention 
since the observation that when co-inoculated with a virus on to the leaves of 
normally susceptible species, PAP reduces the infectivity of plant viruses such as 
tobacco mosaic vims [Stevens et al. 1981] and a variety of others [Kumon et al. 
1990]. Interest in PAP's antiviral qualities has led to cloning of the PAP gene [Lin 
et al. 1991] with the hope of transferring it to crop plants to convey protection 
against viruses. A cDNA clone for PAP was isolated and introduced into tobacco 
and potato plants by transformation with Agrohacterium tumefaciens. Transgenic 
plants that expressed PAP showed resistance to infection by different viruses 
including potexvirus, potyvirus and luteovirus. Analysis of resistance in 
transgenic plants suggests that PAP confers viral resistance by inhibiting an early 
event in infection [Lodge et al. 1993]. It was also reported that the barley REP has 
fungicidal activity [Leah et aL 1991]. 
Another group of researchers [Lam et al. 1996] have successfully 
produced transgenic Nicotiana tahacum plants which were found to be resistant 
to tumip mosaic virus infection. The action of RIPs on plant viruses appears to be 
non-specific. Therefore transgenic plants synthesizing RIPs may be able to confer 
broadspectrum virus reistance. By the transfer of RIP genes into economically 
important plants, the yield is expected to be greatly improved. 
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1.2. Objectives of the present study 
1.2.1 Rationale ofthe study 
Although over 70 RIPs have been purified and characterized from plants 
[Battelli and Stirpe 1994], the vast majority are restricted to a few families. More 
than 15 RIPs were isolated from the family of Cucurbitaceae and 17 RIPs were 
isolated from Caryophyllaceae. The others usually fall into the families of 
Euphorbiaceae, Phytollaccaceae, Poaceae，etc. RIPs isolated from the same family 
are found to share a high degree ofhomology in their amino acid sequences [Irvin 
1994] and other physicochemical properties[Barbieri et al. 1993'. 
In the construction of immunotoxin, some RIPs are inactivated during 
conjugation. Not all RIPs are effective on the target cell, and some RIP-antibody 
conjugates elicit the individual's immune response after administration. There is a 
need of finding more new RIPs in order to select those that are more suitable for 
construction of certain immunotoxins. The availability of more new RIPs from 
those families that are scarcely explored can also enable us to better understand 
their roles in plants, and to identify those with higher antiviral activity. 
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The present investigation aimed to isolate new RIPs from a new family 
together with the characterization of its enzymatic activities and physicochemical 
properties. 
1.2.2 Outline ofthe thesis 
In the present investigation searching for new RIPs, several plants were 
screened (Chapter 2). The crude protein extract from the garden pea {Pisum 
sativum) displayed a high level of translation-inhibitory activity and was selected 
for further purification and characterization. The purification procedure involved a 
series of chromatographic steps. The purified protein was analysed for purity, 
activity and yield (Chapter 3). The enzymatic properties and physicochemical 
characterization of the protein were described in Chapter 4. In the final chapter, a 
general discussion and conclusion will be given (Chapter 5). 
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2.1 Introduction 
Many plants may contain RIPs. Yet the vast majority ofRIPs identified to 
date belong to a few families which were more extensively explored than the 
others (e.g. more than 15 RIPs were isolated from the family of Cucurbitaceae and 
17 RIPs were isolated from Caryophyllaceae) [Ferras et al. 1993]. Hence, it is of 
interest to isolate new RIPs from new sources. 
In the screening studies for selecting new RIPs from plants, a total of 
seven plants were chosen (Table 2.1). Since RIPs disrupt protein synthesis at the 
elongation step [Gessner and L:vin 1980], the capability of inhibiting cell-free 
protein synthesis was used as an indicator of the potential presence of RIPs. 
Although the translation-inhibitory activity is not a definite proof of the presence 
ofRIP, it is the most common method used in screening for new RIPs [Merino et 
al. 1990]. 
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Table 2.1 Plant species selected for screening ofRJPs in the present 
study 
Common name Species Name Family 
Soybean Glycine max Papilionaceae 
Peanut Arachis hypogaea Papilionaceae 
Garden pea Pisum sativum Papilionaceae 
Yardlong bean Vigna sesquipedalis Papilionaceae 
Lobelia Lobelia chinensis Lobeliaceae 
Cucumber Cucumis sativus Cucurbitaceae 
Hairy melon Benincasa hispida Cucurbitaceae 
var. chieh-qua 
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2.2 Materials and methods 
2.2.1 Materials 
Ripe dried seeds of soybean, peanut, garden pea, hairy melon and 
cucumber were bought from a local seed supplier. Yardlong bean and lobelia were 
bought from a local market. SPECTRA/POR® dialysis membrane (MWCO 6,000 
-8,000) was purchased from Spectrum, California, U.S.A. Glassware and water 
used for protein synthesis inhibition assay were treated with 0.1 % (v/v) 
diethylpyrocarbonate (DEPC) and autoclaved to inactivate any contaminating 
ribonucleases (purchased from Sigma, Missouri, U.S.A.). L-[4,5-^] leucine was 
obtained from Amersham International, Buckinghamshire, U.K. All other 
chemicals were ofanalytical grade and were used without further purification. 
2.2.2 Preparation of crude powder 
The seeds of soybean, peanut, garden pea, hairy melon and cucumber 
were stored in a cool, dry place before use. A crude extract was prepared by first 
soaking the seeds in extraction buffer (20mM Tris-HCl, pH 7.2) at 4 � C for 4 
hours. Extraction was then carried out by blending the softened seeds with 2 
volumes of chilled extraction buffer. The slurry formed was stirred at 4 � C for 2 
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hours and then passed through cheesecloth to remove the large particles. The 
filtrate was further clarified by centrifugation at 17,000 g for 30 minutes in a 
Beckman model J2-21 centrifUge using rotor JA14. The pellet was discarded. 
Proteins were precipitated with 1 volume of chilled acetone with gentle stirring on 
ice and were separated by subsequent centrifugation at 17,000 g for 30 minutes. 
The pellet was dissolved in distilled water, dialyzed against distilled water at 4 °C 
with two changes of distilled water every 4 hours, and lyophilized. The resulting 
powder was stored at -20 °C before use. 
Extraction of proteins from fresh yardlong bean and lobelia was carried 
out by blending the plant tissues with 1 volume of chilled extraction buffer 
(20mM Tris-HCl, pH 7.2). The slurry formed was stirred at 4°C for 2 hours and 
then passed through cheesecloth to remove large particles. The filtrate was further 
clarified by centrifugation at 17,000 g for 30 minutes. The pellet was discarded. 
Proteins were precipitated with 80% ammonium sulfate with gently stirring on ice 
and were separated by subsequent centrifugation at 17,000 g for 30 minutes. The 
pellet was dissolved in distilled water and, dialyzed against distilled water at 4°C 
with two changes of distilled water every 4 hours, and then lyophilized. The 
resulting powder was stored at -20 °C before use. 
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2.2.3 Protein determination 
Protein concentration was determined by the method of Lowry et al. 
[Lowry et al. 1951] with slight modifications using bovine serum albumin (BSA) 
as a standard. To each sample (0.2 ml), 2 ml solution A (CuSO4.5H2O : K,Na-
tartrate : Na2CO3 in 0.1 N NaOH, 1 : 1 : 100 by volume) was added. The sample 
was allowed to stand at room temperature for 10 min. Then 0.2 ml solution B 
(Folin reagent : H2O, 1 : 1 by volume) was added and mixed immediately. After 
standing at room temperature for another 30 min, absorbance at 750 nm was 
measured using a Hitachi U2000 spectrophotometer. 
2.2.4 Preparation of rabbit reticulocyte lysate 
Reticulocyte lysate was prepared from a rabbit rendered anemic by 
phenylhydrazine treatment according to the procedures of Maniatis [Maniatis et 
al. 1982]. To obtain anemic blood, phenylhydrazine (a 1.2 % solution neutralized 
to pH 7.5 with 1 M HEPES, pH 7.0) was injected subcutaneously into the rabbit 
(2-3 kg). 1.0, 1.6, 1.2, 1.6，and 2.0 ml were injected on days 1，2，3, 4 and 5 
respectively. On days 7 and 8, the rabbit was bled directly from its heart with 
heparin-containing syringes. The blood was mixed with normal saline containing 
0.02 % heparin and then centrifuged at 2,000 g for 5 min. The packed cells were 
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then washed three times with normal saline. The last centrifugation step was 
carried out at 17,000 g for 30 min. The volume of the packed cells was measured 
0 
and the cells were lysed at 0 C by addition of an equal volume of cold water. 
After 1 min.，the lysate was centrifuged at 20,000 g for 20 min. The supernatant 
was divided into 0.5 ml aliquots and frozen at -70 °C. The lysate was stable for at 
least 6 months at this temperature. 
2.2.5 Protein synthesis inhibition assay 
Inhibition of protein synthesis was determined using a rabbit reticulocyte 
lysate as the cell-free translation system [Pelham and Jackson 1976]. Li order to 
determine the value of IC5Q ( defined as the concentration at which translation was 
inhibited by 50%), samples were diluted 10-fold serially with 0.1 mg/ml BSA. 
Ten microlitres of sample were added with 10 jal of hot mixture (500 mM 
potassium chloride, 5 mM magnesium chloride, 130 mM phosphocreatine and 1 
uCi L-[4,5-^H] leucine) and 30 ^1 of working lysate (rabbit reticulocyte lysate 
containing 0.1 i^M hemin and 5 p,g of creatine kinase). The reaction mixture was 
incubated at 37°C for 30 min, followed by addition of 330 ^1 lM NaOH 
containing 0.2% P^O] to stop the reaction. The mixture was incubated under the 
same conditions for 10 more min to allow decolorization and tRNA digestion to 
take place. Protein with radioactivity incorporated was then precipitated by 
addition of an equal volume of 40% trichloroacetic acid with 2% casein 
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hydrolysate to the reaction mixture in a 96-well plate. The precipitate was then 
collected by filtration on a glass fibre filter (Whatman GF/A), using a cell 
harvester with the aid of a vacuum pump, washed and dried with absolute ethanol. 
The filter was suspended in scintillant (67% toluene, 33% Triton X-100, 4 gA 
PPO and 0.4 g/l POPOP) and counted in an LS6500 Beckman liquid scintillation 
counter. 
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2.3 Results 
2.3.1 Preparation of crude powder 
Crude powder was prepared from seven plants. The protein yield after 
extraction is shown in Table 2.2. 
Table 2.2 Yield of protein powder from various plant tissues 
Common name Species Name Protein yield (g per 
100 g of plant tissue) 
Soybean (seed)*® Glycine max 4 ^ 
Peanut (seed)* ® Arachis hypogaea 8.92 
Garden pea (seed)* ® Pisum sativum 6.25 
Hairy melon (seed)* ® Benincasa hispida 3.12 
var. chieh-qua 
Cucumber (seed)* ® Cucumis sativus 5.50 
M 
Yardlong bean (fruit)* Vigna sesquipedalis 0.16 
u 
Lobelia (whole plant)* Lobelia chinensis 0.37 
* The plant tissue refered to in parentheses was used for extraction. 
® Acetone precipitation of protein was carried out. 
# Ammonium sulfate precipitation of protein was carried out. 
2.3.2 Protein synthesis inhibition assay 
The ability of the plant protein extracts to inhibit protein synthesis was 
determined by the incorporation of [^H]-leucine in a rabbit reticulocyte lysate 
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translation system. The results of the protein synthesis inhibition assay are 
tabulated in Table 2.3. 
Table 2.3 Ability of plant crude extracts (1 mg/ml) in inhibiting 
protein synthesis 
Sample Concentration % Inhibition® 
(mg/ml) 
Soybean lmgAnl 13 % 
Peanut 1 mgAnl 27 % 
Garden pea 1 mg/ml 72 % 
Hairy melon 1 mg/ml 79 % 
Cucumber 1 mg/ml 82 % 
Yardlong bean 1 mg/ml 26 % 
Lobelia 1 mg/ml 9 % 
Negative control 0 % 
Trichosanthin (TCS) 1 mg/ml 100 % 
@ TCS as a positive control elicited 100 % inhibition 
Crude extracts from all the seven plants studied elicited inhibition of 
protein synthesis to some extent, with the seed extracts from garden pea, 
cucumber and hairy melon displaying the highest inhibitory potencies. The others 
showed very low inhibitory activity. 
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2.4 Discussion 
A characteristic property of RIPs is disruption of protein synthesis at the 
elongation step [Gessner and Irvin 1980]. Thus the capability of inhibiting cell-
free protein synthesis was used as an indicator of the potential presence of RIPs. 
Although translation-inhibitory activity cannot provide a definite proof of the 
presence of RIP as other substances such as ribonuclease and protease might give 
a false positive result, it is the most common method used in screening for new 
RIPs [Merino et al. 1990]. 
Of the seven plants tested, three of them (garden pea, cucumber and hairy 
melon) possessed high protein synthesis inhibitory activity. More than 70 % of 
inhibition was achieved with the cmde extracts at 1 mg/ml. Among them, 
cucumber and hairy melon belong to the family of Cucurbitaceae, from which 
many RIPs have been isolated pSTg et aL 1992]. Tracking down the RIPs 
discovered so far, it is very likely that when one species of a particular family 
produces RIPs, other members of the same family may also contain RIPs [Dong et 
al. 1993]. So it is very probable that RIPs are present in the crude extracts of these 
two plants. However, this generalization cannot be applied to all plants. Although 
soybean, peanut, garden pea and yardlong bean all belong to the family of 
Papilionaceae, only garden pea displayed high potency in protein synthesis 
inhibition. Although we can say RIPs are likely to be present in garden pea, we 
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cannot rule out the possibility that the others might also contain RIPs since the 
low inhibitory activity might merely be due to the possibility that the translational 
system (rabbit reticulocyte lysate) used was not sufficiently sensitive to the RIPs. 
The more potent inhibition of cell-free protein synthesis elicited by crude extracts 
of garden pea, hairy melon and cucumber suggests that they are better starting 
materials for the isolation ofRIPs than the other species screened. 
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3.1 Introduction 
From the screening studies outlined in Chapter 1, garden pea {Pisum 
sativum), the crude extract of which exerted 72 % inhibition of protein synthesis 
by rabbit reticulocyte lysate at a protein concentration of 1 mgAnl，was selected 
for further purification in order to search for new RIPs. Garden pea belongs to the 
family of Papilionaceae, from which no RIPs have previously been reported. It is 
an edible plant with a high protein content. Both the leaves and fruits are edible. It 
is available in local markets from winter to spring. Due to the unavailability of the 
plant in seasons other than winter and spring, seeds of the plant were chosen for 
purification. 
Several types of chromatography were employed for the purification of 
RIP from garden pea: affinity chromatography on Affi-gel Blue gel, immobilized 
metal ion affinity chromatography (IMAC) on toinodiacetic acid-agarose, cation-
exchange chromatography on Resource-S, and gel filtration on Superose 12 HR 
10/30. Since proteolysis is a problem commonly encountered in handling proteins, 
phenylmethyl sulfonyl fluoride (PMSF), a protease inhibitor, was added to the 
buffer used in all the purification steps to avoid undesirable proteolysis of the 
proteins that leads to loss of enzymatic activity. 
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The N-glycosidase assay was performed after each purification step to 
determine which fraction contained N-glycosidase activity. Compared with the 
protein synthesis assay, the N-glycosidase assay is much more specific and can 
give a definite proof of the presence of RIPs. However, this assay was not 
conducted in the screening studies since it would not be meaningful to carry out 
the N-glycosidase assay with starting materials due to the presence of ribonuclease 
activity which will digest ribosomal RNA (rRNA), and a smearing pattem would 
result after electrophoresis of the rRNA. As a result, the N-glycosidase assay was 
only performed after the starting material has gone through at least one 
chromatographic step. The limitation of this assay adds difficulties to screening 
the presence of RIPs in plants. To assess the purity achieved, sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was run after each 
chromatographic step with the highly sensitive staining method, silver staining, to 
detect contaminants at nanogram levels. 
3.1.1 Affi-gel Blue gel 
Affinity chromatography allows the purification of proteins with a high 
fractionating power. Affi-gel Blue is an immobilized triazine dye, Cibracron blue 
F3GA, which is covalently attached to the cross-linked agarose gel. It has been 
reported to bind reversibly with several types of nucleotide-dependent enzymes 
[Dean and Watson 1979]. More recently, it has been reported that several RIPs, 
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including ricin and a-sarcin, were retained by the Cibacron Blue F3GA and it has 
been hypothesized that the interaction takes place through the nucleotide-binding 
domain [Munoz et al. 1990]. The retention capacity depends on the experimental 
conditions, such as pH, ionic strength and temperature. 
3.1.2 Iminodiacetic acid-agarose 
In immobilized metal ion affinity chromatography (IMAC) proteins are 
separated on the basis of their affinity for metal ions which have been 
immobilized by chelation [Porath et al. 1975]. Certain charged amino acids (e.g. 
histidine) bind to the chelated metal by forming complexes. Until now this type of 
chromatography has not been employed in the purification of RIPs. Yet in the 
present investigation this type of chromatography was proved to be an excellent 
purification step, eliminating a large proportion of impurities during the isolation 
ofRIP from garden pea. 
The IMAC adopted in the current study contains the chelating ligand 
2+ 
iminodiacetic acid coupled to agarose via a spacer arm, and Mg was used as the 
metal ion for the binding. The column should be charged with the metal of choice 
(Mg2+) before use and after charging the gel should be washed thoroughly with the 
starting buffer. The binding of the proteins onto the gel depends on the running 
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conditions, e.g. the ionic strength of the buffer, the metal ions selected, and the pH 
of the buffer. 
3.1.3 Resource-S 
Proteins contain charged groups on their surfaces. At a certain pH higher 
than the isoelectric point, a protein possesses a net negative charge, whereas at a 
pH lower than the isoelectric point, a protein possesses a net positive charge. 
Separation using cation exchange chromatography depends upon the reversible 
adsorption of positively charged solute molecules to the immobilized anion 
exchange groups on the gel matrix. The Resource-S is a cation exchange column 
with methyl sulfonate as the cation exchanger. A low ionic strength binding buffer 
was used to facilitate the binding of the garden pea proteins onto the gel matrix. A 
purity ofRIP higer than 90 % was achieved after passing through the Resource-S. 
3.1.4 Superose 12 HR 10/30 
Gel filtration on Superose 12 HR 10/30 was employed as the final step of 
purification which separates the proteins according to their sizes. The Superose 12 
consists of crossed-linked agarose medium with fractionation range between 1000 
-300,000 Da. A pure protein with two bands on SDS-PAGE was obtained after 
this step. 
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3.2 Materials and methods 
3.2.1 Materials 
Crude powder was obtained from the seeds of garden pea as described in 
Chapter 2. Chromatography on Affi-gel Blue gel, Iminodiacetic acid-agarose and 
Resource-S were conducted using the GradiFrac low pressure chromatography 
system (Pharmacia LKB, Uppsala, Sweden). Gel filtration on Superose 12 HR 
10/30 was performed using System Gold (Beckman). Affi-gel Blue gel ^>article 
size: 100 - 200 mesh) and reagents used for SDS-PAGE and formamide gel 
electrophoresis were products ofBio-Rad, California, U.S.A. Iminodiacetic acid-
agarose and molecular weight standard markers for SDS-PAGE were purchased 
from Sigma, Missouri, U.S.A. Resource-S and Superose 12 HR 10/30 were 
ordered from Pharmacia LKB, Uppsala, Sweden. SPECTRAyTOR® dialysis 
membrane (MWCO 6,000 - 8,000) was purchased from Spectrum, California, 
U.S.A. Rabbit reticulocyte lysate was obtained as outlined in Chapter 2. RNA 
marker was from Promega, Wisconsin, U.S.A. Aniline was purchased from Merck 
& Co. Inc., New Jersey, U.S.A. and was distilled and stored at -20 °C. 
Photographic instant film 667 was purchased from Polaroid, Massachusetts, 
U.S.A. Phenylmethylsulfonyl fluoride (PMSF) (Sigma) was added to all the buffer 
for chromatography at a final concentration of lmM, and the buffer was filtered 
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through a 0.22 i^m syringe filter (Millipore, Massachusetts, U.S.A) and degassed 
with an ultrasonic cleaner (Branson, Connecticut, U.S.A.). All other reagents were 
of analytical or molecular biology grade and were used without ftuther 
purification. For the experiments involving RNA, all buffer and glasswares were 
pre-treated with 0.1 % (v/v) diethylpyrocarbonate (DEPC) and autoclaved. 
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3.2.2 Purification of RIP from garden pea 
Ripe dried seeds of garden pea were purchased from a local seed supplier. 
Crude powder was obtained according to the procedure described in Chapter 2. 
The purification scheme ofRIP from garden pea is summarized in Figure 3.1. 
The crude powder obtained in Chapter 2 was dissolved in the binding 
buffer (20 mM Tris-HCl, pH 7.2) and passed through a 0.22 i^m syringe filter 
fNalgene) to remove any particulates. The clear filtrate was applied to a 1.5 x 20-
cm Econo-column (Bio-Rad) containing 20 ml bed volume of Affi-gel Blue gel 
equilibrated with the binding buffer. The column was washed with 10 bed 
volumes of the same buffer to elute the unadsorbed proteins, and then the bound 
protein was eluted with a 200-ml linear NaCl gradient from 0 to 0.3 M in the Tris-
HCl buffer. Fractions of 6 ml were collected at a flow rate of 1 ml/min. Protein 
peaks monitored by A280 was collected, and the fractions were assayed for N-
glycosidase activity. The active fraction was concentrated by ultrafiltration over a 
regenerated cellulose filter (MWCO 3,000, Millipore) in a Nalgene ultrafiltration 
cell. The concentrated protein solution was then dialyzed extensively against 10 
mM Tris-HCl, 2 mM Mg�+, pH 7.2 before applying to the iminodiacetic acid-
agarose column. 
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Crude protein powder 
V 
Affinity chromatography 
on Affi-gel Blue  
I  
Unadsorbed Adsorbed fraction (A2) 
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Lnmobilized metal ion affinity 
chromatography on Iminodiacetic acid-agarose  
\ 
Unadsorbed Adsorbed fraction (M3) 
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Cation exchange chromatography 
on Resource-S  
I 
Unadsorbed Adsorbed fraction (R2) 
fraction (R1) | 
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1 ‘ 1 
P1 P2 
(without RIP activity) (with RIP activity) 
Figure 3.1 Purification scheme ofRIP from garden pea 
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The iminodiacetic acid-agarose column (5-ml bed volume) was first 
charged with 5 bed volumes of 4 M Mg2+ followed by equilibration with the 
binding buffer (10 mM Tri-HCl, 2mM Mg�+, pH7.2). The active fraction from the 
Affi-gel Blue gel column was loaded and then washed with 10 bed volumes ofthe 
binding buffer. The bound protein was eluted with a 50-ml linear NaCl gradient 
from 0 to 0.4 M in the Tris-HCl buffer. Flow rate was at 1 ml/min. 
After dialyzing against the binding buffer (10 mM Tris-HCl, pH 7.2) for 
Resource-S cation exchange chromatography, the active fraction with N-
glycosidase activity was applied to the Resource-S column (6-ml bed volume) and 
eluted with a linear NaCl gradient from 0 to 0.4 M in the binding buffer at a flow 
rate of 1 ml/min. Subsequently, the active fraction was concentrated to 200 i^l and 
applied to the Superose 12 HR 10/30 gel filtration column (24-ml bed volume) 
and eluted at a flow rate of 0.5 ml/min with 20 mM Tris-HCl, 0.1 M NaCl, pH 
7.2. 
3.2.3 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) 
Electrophoresis was performed according to the procedure of Laemmli 
and Favre [Laemmli and Favre 1973], using a 15 % resolving gel and a 4 % 
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stacking gel. A 5X electrode buffer (1 L) at pH 8.3 contained 15 g Tris-Base, 72 g 
glycine and 5 g SDS. To make a stock acrylamide solution (total acrylamide 
content, %T = 30 % w/v, ratio of crosslinking agent to acrylamide monomer, %C 
=2 .7 % w/w): 73 g acrylamide and 2 g Z>/^-acrylamide were dissolved and made 
up to 250 ml in water. This stock solution is stable at 4°C for weeks in darkness. 
The solutions of resolving gel and stacking gel were prepared fresh prior to 
experiment according to the following recipe: 
Resolving gel Stacking gel 
H2O 2.35ml 3.05ml 
Tris-HCl 2.5ml {1.5M, pH8.8) 1.25ml {0.5M, pH6.8) 
10% SDS lOO i^l 50^il 
TEMED 12^il 6^il 
Stock acrylamide 5ml 0.67ml 
10 % APS 50^d 50^il 
The gel was cast on the Mini-Protean set II (Bio-Rad, California, U.S.A.). 
Samples were diluted with the 5X sample loading buffer (10 % glycerol, 2 % 
SDS, 1 % bromophenol blue in 60 mM Tris-HCl, pH6.8) followed by addition of 
p-mercaptoethanol (5 % v/v). The samples were boiled in a water bath for 4 
minutes. Electrophoresis was performed with the electrode buffer at a constant 
voltage of 130 V for the stacking of proteins, followed by 180 V when the 
samples had entered the resolving gel. When the tracking dye, bromophenol blue, 
reached the bottom of the gel, electrophoresis was stopped. 
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Proteins present in the gel were stained with either the Coomassie blue 
staining method or silver staining method depending on the amount of protein 
loaded. Generally, the Coomassie Brilliant Blue staining method has a sensitivity 
of detecting protein at microgram levels. The silver staining method is a highly 
sensitive detection method for proteins at nanogram levels, and thus even traces of 
contaminants can be visualized. 
In the Coomassie blue staining method, the gel was stained with 0.1 % 
Coomassie Brilliant Blue R-250 in 10 % (v/v) acetic acid, 45 % (v/v) methanol 
for 1 hour. The gel was then destained in acetic acid:methanol:water (1 : 4 : 5, 
v:v:v) with several changes of the solution until the background was clear. In the 
silver staining method, the gel was first fixed by immersion in a solution of 
fixative (10 % acetic acid, 40 % methanol, 50 % water, v/v) for 30 minutes. After 
rinsing with distilled water, the gel was sensitized with sodium thiosulfate 
pentahydrate solution (0.03 % w/v) for 1 min. Then the gel was washed with 
distilled water for 2 min and soaked in 0.1 % silver nitrate solution for 30 min 
with gentle agitation. After a brief wash (< 30 Sec) with distilled water, the gel 
was developed with a developing solution (0.05 % formaldehyde (37 %) in 3 % 
Na2CO3). The reaction was stopped with 1 M citric acid. 
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3.2.4 Precautions for working with RNA 
The difficulties associated with the manipulation of RNA involves the 
ubiquity of ribonuclease (RNase) activity which will interfere with the assay. To 
control the undesirable RNase activity, a few precautions should be taken. Gloves 
should be wom at all time. Sterile, disposable palsticware was used for handling 
RNA as these materials are generally RNase-free and do not require pre-treament. 
Other glassware was treated with 0.1 % (v/v) solution of diethyl pyrocarbonate 
(DEPC). In addition, water and all buffer solutions were treated with 0.1 % (v/v) 
DEPC, stirred ovemight and then autoclaved to remove any trace ofDEPC. When 
Tris buffer was used, the solutions were not treated directly with DEPC since 
DEPC would react with the primary amine. Therefore, these solutions were 
prepared first with DEPC-treated water and then sterilized by autoclaving� 
3.2.5 N-glycosidase assay 
The assay for N-glycosidase activity towards rRNA was performed 
according to the procedure of Endo et al. (1987b) with slight modifications. 
Precaution for working with RNA was taken as described in section 3.2.4. 
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3.2.5.1 Reaction of proteins with rRNA and RNA extraction 
The reaction mixture containing 40 i^l of the protein sample, 60 p,l of 
Buffer A (25 mM Tris-HCl, pH 7.6，25 mM KC1, 5 mM MgCl2) and 60 ^1 of 
rabbit reticulocyte was allowed to incubate at 37°C for 30 min. The reaction was 
stopped by chilling on ice, and 260 i^l of 0.77% SDS was added and mixed well 
(fmal concentration of SDS = 0.5%). An equal volume of phenol (400 ^il) was 
added to extract the RNA, and the mixture was vortexed well and centrifuged at 
14000 rpm for 2 min. The upper aqueous RNA phase was re-extracted with an 
equal volume ofpheno l : chloroform : isoamyl alcohol (25:24:1, v:v:v). The RNA 
phase was recovered again and two volumes of cold, absolute ethanol and 0.1 
volume o f 3 M NaOAc, pH5.2 were added to the RNA samples. 
After standing at -70°C for 30 min.，RNA was pelleted by centrifugation at 
14000 rpm for 25 min. at 4°C in a microcentriflige. The RNA pellet was washed 
with 1ml cold 70% EtOH twice and dried in vacuum (45°C for about 5 min.). 16 
^1 DEPC-H2O was added to dissolve the RNA and mixed well. 8^il of each 
sample was transfered to a new microtube for aniline treatment. The rest (without 
aniline treatment) was stored at -70°C until electrophoresis. 
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3.2.5.2 Aniline treatment 
To the tubes for aniline treatment, 80 i^l of working aniline (15 \x\ aniline, 
24 \i\ acetic acid, 111 ^1 DEPC.H2O) was added and the reaction mixture was 
incubated at 66°C for3 min. Two volumes of cold, absolute ethanol and 0.1 
volume of 3M NaOAc, pH5.2 were added to precipitate the RNA. RNA was 
pelleted, washed and dried as decribed above. Finally the RNA pellet was 
redissolved in 8 i^l DEPC.H2O. 
3.2.5.3 Foramide gel electrophoresis 
For a 1.2 % agarose gel, 0.432 g agarose was added to 14.4 ml DEPC.H2O 
and the mixture was boiled until the agarose melted. Then 3.6 ml EP buffer 
(36mM Tris, pH 7.6，30mM NaH2PO4, 2mM EDTA-Na) and 18 ml of formamide 
were added. The gel solution was cast on a gel mould. 
An aliquot of 3 i^l RNA was mixed with 1 i^l EP buffer, 6 i^l formamide 
and 1 jil gel loading buffer (0.5M EDTA, and 0.5 % (w/v) bromophenol blue in 
glycerol) and the mixture was incubated at 65°C for 5 min. 
The sample mixture was applied to the sample well and gel electrophoresis 
was carried out at a constant voltage of 50 V for 1.5 hour in the electorde buffer 
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(10 % EP buffer, 50 % formamide, 40% DEPC.H2O). After electrophoresis, the 
gel was stained in ethidium bromide (0.5 ^g/ml) for 20 min and destained in 
distilled water for 20 min. Then the gel was photographed with Polaroid 667 
instant film. 
3.2.6 Quantitation of RNA 
Quantitation of nucleic acid was accomplished by measuring absorbance 
at 260 nm and 280 nm (Hitachi U2000 spectrophotometer) [Farrell 1993]. The 
nucleic acid was first extracted from the rabbit reticulocyte lysate. 100 i^l of rabbit 
reticulocyte was mixed well with an equal volume of phenol and centrifuged at 
14000 rpm for 2 min. The upper aqueous RNA phase was re-extracted with an 
equal volume of phenol : chloroform : isoamyl alcohol (25:24:1, v:v:v). The RNA 
phase was recovered again and two volumes of cold, absolute ethanol and 0.1 
volume of 3M NaOAc (pH5.2) were added to the RNA samples. After standing at 
- 7 0 � C for 30 min., RNA was pelleted by centrifuged at 14000 rpm for 25 min. at 
4°C in a microcentrifuge. The RNA pellet was washed with 1ml cold 70% EtOH 
twice and dried in vacuum (45°C for about 5 min.). 3 ml ofDEPC.H2O was added 
to dissolve the RNA and absorbance at 260 nm and 280 nm was measured. The 
following formula was applied to calculate the concentration ofRNA: 
RNA (^g/ml) � �260 X 44.19, where A260 is the absorbance at 260 nm, 
and 44.19 is the extinction coefficient ofRNA. 
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3.3 Results 
3.3.1 Quantitation of RNA 
Quantitation is necessary to determine the amount of RNA used for the N-
glycosidase assay. This is accomplished by measuring absorbance at 260 nm and 
280 nm. The UV light analysis may be used to derive not only information about 
the concentration of the sample but also its purity. The 260:280 ratio (A260/A280) 
determines the ratio of RNA:protein in a sample. A ratio of 2 � 0.05 is usually 
judged to be pure enough for further analytical purposes. The calculated amount 
of RNA was 1.95 i^g per 100 ul of lysate and the ratio A260/A280 was 2.02. Thus 
the RNA was pure enough for further analytical procedures. 
3.3.2 Affinity chromatography on Affi-gel Blue gel 
Garden pea {Pisum sativum) belongs to the family of Papilionaceae, from 
which no RIP has ever been reported. At the beginning, the crude extract was 
found to exhibit an inhibitory effect on the rabbit reticulocyte lysate translational 
system. At a concentration of lmg/ml, 72 % inhibition was obtained using 
purified trichosanthin (TCS) (lmg/ml) as a positive control (Chapter 2). For 
purification of the suspected RIP, the crude extract was applied onto a column of 
Affi-gel Blue gel and resolved into two peaks (Figure 3.2). The more specific N-
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glycosidase assay was carried out to identify the active fraction (Figure 3.3). As 
shown by the appearance of a fragment of about 400 nucleotides (the Endo's 
band) on formamide gel electrophoresis, which was at the same position as the 
Endo's band produced by TCS, the N-glycosidase activity was retained in the 
fraction A2, which was bound to the column and was eluted with 0.1 M NaCl. 
The A2 fraction was impure, containing a mixture of proteins as displayed by 
SDS-polyacrylamide gel electrophoresis (Figure 3.4). 
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Figure 3.2 Fractionation of the crude extract on Affi-gel Blue gel 
column equilibrated with the binding buffer (10 mM Tris-HCl, pH 
7.2). The gel was washed with the binding buffer and eluted with a 
linear gradient of 0 - 0.3 M NaCl in the same buffer. 
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Figure 3.3 RNA N-glycosidase activity of fractions from Affi-gel 
Blue gel column. O.lmg/ml of proteins for each fraction was incubated 
with rabbit reticulocyte lysate in 25 mM KCl, 5 mM MgCl2, 25 mM 
Tris-HCl, pH 7.6 at 37 °C for 30 min. The rRNA was extracted and 
treated (+) or not treated (-) with aniline and analysed by 1.2 % 
formamide gel electrophoresis. The arrow denotes the position of 
rRNA fragments (Endo's band) resulting from aniline-catalysed 
hydrolysis. TCS was taken as a positive control. 
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3.3.3 Iminodiacetic acid-agarose chromatography 
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Figure 3.5 Elution profile of the Iminodiacetic acid-agarose 
column. After chromatography on Affi-gel Blue gel, the resulting 
active fraction A2 was applied to Iminodiacetic acid-agarose. The 
fraction M3 was found to exhibit N-glycosdiase activity and was 
pooled. 
The active fraction A2 from Affi-gel Blue gel column was concentrated 
and applied to the Iminodiacetic acid-agarose column. Three peaks were resolved. 
The gradient-elution pattem from the column is shown in Figure 3.5. The fraction 
containing RNA N-glycosidase activity, as determined by the N-glycosidase assay 
(Figure 3.6), was eluted at a NaCl concentration of 0.2M. From the SDS-
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polyacrylamide gel electrophoresis of the fractions (Figure 3.7), many 
contaminating proteins were removed after passing through the Iminodiacetic 
acid-agarose column. Hence although this chromatographic technique has not 
been applied for the purification of RIPs before, it has a high separating power 
and can be considered for use in future purification. 
Negative 
TCS control Ml M2 M3 
• 
alRleW 
Figure 3.6 RNA N-glycosidase activity of fractions from the 
Iminodiacetic acid-agarose column. 60 p,gy'ml of proteins from 
each fraction was assayed according to the coditions as 
described in section 3.2.5, using TCS as a positive control. The 
rRNA was extracted and treated (+) or not treated (-) with 
aniline and analyed by 1.2 % formamide gel electrophoresis. 
The arrow denotes the position of rRNA fragments (Endo's 
band) resulting from aniline-catalysed hydrolysis. 
65 
Chapter 3 Purification of RIP from garden pea {Pisum sativum) 
、、,."':《,•渗 ““‘‘ "々 '/ “ 
kDa � Figure 3.7 SDS-polyacrylamide gel 
^^^^ -^¾ , , ：： electrophoresis of fractions fi:om the 
66 ^ f ^ ' ^ B Iminodiacetic acid-agarose column. 
• ' ^B ' � ^y«^f Lane 1: molecular weight standards; 
圓 * ^ 5 lane 2: Ml ; lane 3: M2; lane 4: M3. 
• < ^ 3 - The gel was stained with Coomassie 
,Q ^ ^ ^ ^ ^m^' ;—:.�— "^i^ii||^  blue. 
94 ^ K ^ K ’减秦'^3' 
丄崎 ^W^ . i p p >� ^ f | ; ' 
2 � _ I 峡 m 
、、一jm:^ <^i^ #^ «^^ '^ ^^ i^ '� 
"*^^^^^^ '^ WPS! '^ ^^^^^^ 
.:::::.、.::::.:..¾¾;./,.-:.:./:.::. .；/•-i'i:!^;Tx^:'i!|S:-1^• !.•> ：.'•：•：'•'"••；•!•••>.：•• ；••'； ； • - • • • -！ ;T!-:'':':t;^-;'i^Tv;':？‘' '：=；• '••'!‘ 
1 2 3 4 
3.3.4 Cation exchange chromatography on Resource-S 
After passing through the Iminodiacetic acid-agarose column, N-
glycosidase activity was retained in the M3 fraction, which was still quite 
heterogeneous. Resource-S, a kind of cation exchanger, was employed to further 
purify the protein. Nearly all proteins were adsorbed onto the column. Gradient 
elution with NaCl revealed two sharp peaks, R1 and R2, which were eluted at a 
NaCl concentration of about 0.17 M and 0.22 M respectively (Figure 3.8). R2 
displayed N-glycosidase activity as shown by a bright and sharp Endo's band 
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(Figure 3.9). After this step of purification, a partially purified protein with three 
protein bands as stained with the silver staining method resulted (Figure 3.10). 
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Figure 3.8 Chromatography of M3 on a Resource-S cation 
exchange column. After dialysis against the binding buffer (10 
mM Tris-HCl, pH7.2), M3 was loaded onto the column. 
Unbound proteins were eluted with the binding buffer and 
adsorbed proteins with a 0 - 0.4 M NaCl linear gradient. 
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Figure 3.9 N-glycosidase activity of fractions from Resource-S 
column. 0.06 mg/ml of proteins from each fraction was 
incubated with rabbit reticulocyte lysate according to the 
experimental conditions described in section 3.2.5. Aniline 
treatment of the rRNA was carried out (+) or not carried out (-). 
1.2 % formamide gel electrophoresis was performed to analyse 
the rRNA fragments. The arrow denotes the position of rRNA 
fragments (Endo's band). TCS was used as a positive control. 
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Figure 3.10 SDS-PAGE analysis of fractions from Resource-S 
column stained with silver stain.. Lanes 1 and 2: R1 (1 ^ig); lanes 
3, 4 and 5: R2 (1 ^ig); lane 6: molecular weight standards. 
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3.3.5 Gel filtration on Superose 12 HR 10/30 
Gel filtration was used as the final step of purification to remove traces of 
contaminating proteins. The R2 fraction from Resource-S was concentrated to 200 
|il and applied to the Superose 12 HR 10/30 column (24-ml bed volume) and 
eluted with 20 mM Tris-HCl, 0.1 M NaCl, pH 7.2. Two relatively symmetrical 
peaks, P1 and P2, were resolved (Figure 3.11). One possessed a molecular weight 
of 50,000 kDa, and the other consisted of two bands of close molecular weights at 
around 20,000 kDa as illustrated by SDS-polyacrylamide gel electrophoresis 
(Figure 3.12). N-glycosidase activity was found in P2 (Figure 3.13). These two 
bands of P2 could not be further separated by altering the chromatographic 
conditions, e.g. by shallowing the salt gradient used for elution. Other types of 
chromatography, such as Con-A Sepharose and CM-Sepharose had been tried in 
an attempt to separate these two bands, but it was not successful (data not 
shown). Later characterization of isoelectric point and N-terminal amino acid 
sequencing suggested these two bands are likely to be isoforms of the same 
protein (Chapter 4). These two proteins were named as a - and P_pisavins, with a-
pisavin being the larger one. 
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Figure 3.11 Chromatogram on Superose 12 HR. 200 i^l o fR2 
were loaded onto the column. P1 and P2 were eluted at the 24th 
and 29th min., respectively. Running conditions were described 
in section 3.2.2. 
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^ ^ Figure 3.12 SDS-PAGE analysis of 
66 ^ _ _ _ fractions from Superose 12 HR 
45 � 10/30.The gel was stained with silver 
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Figure 3.13 Assay of the fractions from Superose 12 for 
N-glycosidase activity. 0.04 mg/ml o f P l and P2 were 
reacted with rabbit reticulocyte lysate. The rRNA was 
extracted and treated (+) or not treated (-) with aniline 
and analysed by 1.2 % formamide gel electrophoresis. 
The arrow denotes the position of rRNA fragments 
(Endo's band) resulting from aniline-catalysed hydrolysis. 
TCS was taken as a positive control. 
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3.3.6 Assessment of purity, yield and activity 
The purification of RIP from garden pea is summarized in Table 3.1. 
Approximately 0.02 mg purified protein was obtained from 100 g starting 
material. Activity was monitored at each step by determining the inhibition of 
protein synthesis in the rabbit reticulocyte system. There was a great loss of 
activity (47.9 %) at the step of affinity chromatography on Affi-gel Blue. The 
recovery was good at the subsequent steps. The specific activity of the protein was 
increased from 2.5 U/mg of the crude extract to 10,000 U/mg after the gel 
filtration step. The purity of the protein at different stages of purification was 
analysed by SDS-polyacrylamide gel electrophoresis and subsequently by silver 
staining which has a sensitivity of detecting proteins in the range ofnanogram per 
band ( Figure 3.14). The crude extract contained a heterogeneous composition of 
proteins, from which contaminating proteins were removed as the proteins passed 
through different types ofchromatographic columns. Finally, two distinct bands of 
proteins (a- and p-pisavins) with a molecular weight of around 20,000 kDa were 
obtained. The purified proteins were stable for months at -20 °C. 
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Table 3.1 A summary of the purification ofRIP from garden pea 
Fraction Protein IC50 Specific activity Total activity Yield 
(mga) O^ b) (U/mgxlO') OJxlO') ( � / � � 
Crude extract 625 0.4 0.0025 1.565 100 
Affi-gel Blue 204 0.26 0.004 0.816 52.1 
(A2) 
toinodiacetic 21 0.035 0.028 0.59 37.7 
acid-agarose 
(M3) 
Resource-S (R2) 5 0.01 0.1 0.5 31.9 
Superose 12 HR 0.02 1 x 10"' 10 0.4 25.6 
10/30 (P2) 
aprotein obtained from 100 g of starting material. 
b IC50 is expressed in U. One U is defined as the amount of protein (mgAnl) 
inhibiting protein synthesis by 50 %. 
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Figure 3.14 Purity of the proteins at different stages of 
purification shown by SDS-PAGE. Lane 1: molecular 
weight standards; lane 2: crude extract; lane 3: A2 
(from Affi-gel Blue); lane 4: M3 (from Iminiodiacetic 
acid-agarose); lane 5:R2 (from Resource-S); lane 6: P2 
(from Superose 12). 
3.4 Discussion 
A new RIP was purified from garden pea (Pisum sativum), which belongs 
to the family of Papilionaceae from which no RIP has been reported. Different 
chromatographic methods were tried to obtain pure and biologically active 
proteins. The resulting two proteins a - and p-pisavins，as displayed by SDS-
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PAGE, have close molecular weights of around 20,000 kDa, smaller than the 
reported molecular weights oftypical RIPs which are around 30,000 [Barbieri et 
al.l993]. These two proteins could not be further separated by altering the running 
conditions of the chromatography, e.g. by making the salt gradient used for elution 
shallower. They could neither be separated by other types of chromatography, 
such as Con-A Sepharose and CM-Sepharose. Later characterization (Chapter 4) 
suggested that these proteins are likey to be isoforms, as shown by the 100 % 
homology in N-terminal amino acid sequence and the fact that only one protein 
band appeared in isoelectric focusing. The slight difference in molecular weights 
(< 2000 Da) may be due to post-translational modifications of the proteins. 
A major loss of cell-free protein synthesis inhibitory activity (47.9 %) 
occured after the sample has passed through the Affi-gel Blue gel column. It is 
possible that a portion of the inhibitory activity in the crude extract (the total 
activity of which was taken as 100 % yield) was due to components (e.g. 
ribonucleases and proteases) other than RIP, or that the prolonged exposure ofthe 
RIP to proteases (present in the crude extract) during the first chromatographic 
run has caused some inactivation of the RIP. In fact Affi-gel Blue gel has been 
employed extensively in the purification ofRIPs and satisfactory results have been 
obtained [Munoz et aL 1990]. The relatively satisfactory recovery of activity in 
subsequent purification steps may be due to the removal of proteases and 
ribonucleases following the Affi-gel blue gel chromatography. Although not 
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commonly used, the Iminodiacetic acid-agarose was demonstrated to have a high 
separating power good for the purification of RIPs, capable of eliminating much 
o f the contaminants. As can be seen from the gel diagram in Figure 3.14, many 
protein bands in the A2 fraction derived from the Affi-gel Blue gel column 
disappeared from the M3 fraction eluted from the Iminodiacetic acid-agarose. 
N-glycosidase activity, a characteristic possessed by all RIPs, was 
exhibited by all the active fractions as well as the purified proteins as shown by 
the release ofafragment of about 400 nucleotides known as the Endo's band. The 
IC50 of the purified RIP is 0.5 nM (1 mg/ml), within the range of the values 
possessed by other RIPs [Stirpe et al. 1986a]. Further characterization of the 
protein is discussed in Chapter 4. 
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4.1 Introduction 
The purified RIP (pisavin) from garden pea was further characterized for 
its physicochemical and biological properties. Molecular weight was determined 
by SDS-polyacrylamide gel electrophoresis calibrated with molecular weight 
standards. To determine its isoelectric point (pl), isoelectric focusing, an 
electrophoretic method for the separation of proteins according to their isoelectric 
points, was carried out and it tumed out that the two proteins resulting from the 
fmal step of purification appears at the same position on the electrophoretic 
pattem, i.e. they have the same pI. In order to find out whether these two proteins 
are actually subunits of an intact protein of larger molecular weight, non-reducing 
SDS-PAGE was performed, in which the reducing agent that cleaves disulfide 
linkages, P-mercaptoethanol, was absent in the sample loading buffer. Since the 
periodic acid/Schiff reagent will stain vicinal diol groups found mainly on 
peripheral sugars and sialic acids, it was used as a glycoprotein stain. To prepare 
sample for N-teraiinal amino acid sequencing, after SDS-polyacrylamide gel 
electrophoresis, the proteins were electroblotted onto PVDF membranes. The 
sequence of the first 20 N-terminal amino acids of both proteins was determined, 
and surprisingly, 100 % homology was detected between the two proteins, which 
provides evidence that these two proteins are likely to be isoforms. 
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The biological properties of pisavin were investigated in detail. Studies on 
the biological activities of RIPs have always been focused on their ribosome-
inactivating activities in which a specific adenine (e.g. A-4324 of rat liver rRNA) 
is removed that renders the ribosome nonfunctional for protein synthesis [Endo et 
al. 1987a]. IC50, the concentration of protein that causes 50 % inhibition of cell-
free protein synthesis using rabbit reticulocyte lysate as the translational system, 
was obtained and the value was compared with those of other RIPs. Sensitivity of 
the ribosomal RNA towards depurination by pisavin was determined by diluting 
the protein to a concentration until no depurination was observed. Results showed 
that the RIP purified was able to depurinate the ribosomal RNA at nonomolar 
levels. Recently, there were reports that RIP was also active on other nucleic acids 
[Mock et al. 1996; Roncuzzi and Gasperi-Campani 1996]. Since several RIPs 
have been demonstrated to cleave supercoiled double-stranded DNA to nicked 
circular and linear DNA, one enzymatic activity studied was deoxyribonuclease 
(DNase) activity. The other activity studied was the action of pisavin towards 
tRNA which was determined by measuring the production of acid-soluble UV 
absorbing species [Mock et al. 1996]. Enzyme assays were carried out to 
investigate whether the new RIP possessed these properties. 
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4.2 Materials and methods 
4.2.1 Materials 
Pisavin was purified from seeds of garden pea {Pisum sativum) by 
procedures described in Chapter 3. Apparatus and reagents for SDS-PAGE and 
protein blotting were from Bio-Rad, California, U.S.A. Ampholytes (pU range 
3.5-9.5 and 8-10.5) were purchased from Pharmacia LKB, Uppsala, Sweden. 
Polyvinylidene difluoride (PVDF) membranes for blotting were from 
Millipore(Massachusetts, U.S.A). N-terminal amino acid sequencing was carried 
out on HP G1000A Edman degradation unit and HP1090 HPLC system. Rabbit 
reticulocyte lysate was obtained as outlined in Chapter 2. RNA marker was from 
Promega, Wisconsin, U.S.A. tRNA was ordered from Sigma, Missouri, U.S.A. 
Double-stranded covalently closed circular form of M13mpl8 DNA was from 
New England Biolabs (Massachusetts U.S.A.). Photographic instant film 667 was 
a product of Polaroid (Massachusetts, U.S.A). All other reagents were of 
analytical or molecular biology grade and were used without further purification. 
For the experiments involving RNA, all buffers and glasswares were pre-treated 
with 0.1 % (v/v) diethylpyrocarbonate (DEPC) and autoclaved. 
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4.2.2 Molecular weight determination 
Molecular weight determination was done by SDS-polyacrylamide gel 
electrophoresis in a Bio-Rad Mini-Protean® II Cell according to the procedures 
outlined in section 3.2.3. The calibration curve for SDS-PAGE was obtained by 
plotting the Rf values against log molecular weight, Rf was the ratio of the 
distance protein has migrated from the origin to the distance from the origin to a 
reference point. 
4.2.3 Subunit composition 
To determine whether the two proteins obtained from gel filtration were 
actually subunits of an intact protein of larger molecular weight, both reducing 
and non-reducing SDS-PAGE was carried out in a Bio-Rad Mini-Protean® II Cell 
similar to the procedures described in section 3.2.3. The difference between non-
reducing SDS-PAGE and reducing SDS-PAGE is that the powerful reducing 
agent that cleaves disulfide linkages, P-mercaptoethanol, was absent in the sample 
loading buffer of non-reducing SDS-PAGE. Four sets of samples were prepared 
for undergoing different treatments, two sets for reducing SDS-PAGE and two 
sets for non-reducing SDS-PAGE. After mixing with the sample loading buffer, 
one sample from reducing SDS-PAGE and one sample from non-reducing SDS-
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PAGE were boiled for four minutes. The other samples were not boiled. Instead, 
they were incubated at 45 °C for 30 min. 
4.2.4 Isoelectric focusing (IEF) 
In order to determine the isoelectric point, the procedure of Edelstein 
(1991) was followed with modifications. A low percentage gel was used since the 
larger pore size allows proteins to move freely under the applied electric field 
without hindrance. A 5%T, 2.67%C gel was constituted from acrylamide stock 
solution (30%T, 2.67%C), ampholytes (Pharmacia Biotech, Sweden) of 0.04 % 
broad range OpH 3.5 - 10) and 2 % narrow range (pH 8-10.5) were included in the 
gel solution. The gel solution was cast on the Mini-Protean set II (Bio-Rad, 
California, U.S.A.) using lmm-thick spacers. Since most RIPs defined so far have 
basic pIs, the polarity of the system is reversed such that the ampholytes would 
arrange themselves in order of increasing pI from the top towards the bottom of 
the gel. 20 mM sodium hydroxide was added to the lower buffer chamber as 
catholyte and 10 mM phosphoric acid was added to the upper buffer chamber as 
anolyte. Similarly, the polarities of the electrical leads were reversed when 
connected to the power supply. Samples were diluted 1:1 (v:v) with sample 
loading buffer (60 % glycerol, 0.04 % broad range ampholyte ( pH 3.5 - 10)) and 
2 % narrow range ampholyte (pH 8-10.5). Focusing was carried out for 1.5 hours 
at 200V and then for 1.5 hours at 400V, constant voltage. After focusing, the gel 
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was washed in 10% trichloroacetic acid for 15 minutes with three changes and 
then subjected to silver staining as described in section 3.2.3. 
4.2.5 Detection of glycoproteins 
After electrophoresis, the gel was fixed in a solution of methanol : acetic 
acid : water (5:1:4, v:v:v) for 1 hour followed by rehydration in distilled water for 
three 20-min. Then the gel was oxidized with periodic acid solution (containing 
10 g periodic acid dissolved in 30 ml acetic acid and 970 ml distilled water) for 50 
min. Three 5-min washes with distilled water were followed and the gel was stood 
in distilled water ovemight. The gel was immersed in concentrated Schiff reagent 
(Sigma) and gently agitated in a fume hood for 1 hour. Reduction with 0.5 % 
(w/v) freshly prepared sodium metabisulfite was performed for 6 hours to 
ovemight. Glycoproteins would be stained in red. 
4.2.6 N-terminal amino acid sequence 
4.2.6.1 Semidry electrophoretic blotting 
Proteins for amino acid sequencing were first transfered from SDS-
containing polyacrylamide gels (section 3.2.3) to polyvinylidene difIuoride 
(PVDF) membranes. After electrophoresis, the gel was rinsed with distilled water 
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and soaked in transfer buffer (25 mM Tris-HCl,192 mM glycine, pH 8.3) for 5 
min. One sheet of PVDF membrane and four sheets of blotter paper were cut to 
the same size as the gel. The PVDF membrane was wetted for 1-2 sec in 100 % 
methanol and then submerged in transfer buffer. Blotter paper was soaked in 
transfer buffer for 5 min. Before transfer began, two sheets of blotter paper were 
laid on the platinum anode (bottom) of the blotting casette (Bio-Rad's Trans-
Blot® SD semi-dry transfer cell), followed by the PVDF membrane and the gel. 
Air bubbles were rolled out of the layers by a clean test tube. Finally, another two 
sheets ofblotter paper were laid at the top. Then the upper electrode (cathode) was 
placed firmly on top of the stack. Blotting was carried out at 16 V for 30 min. 
After blotting, the PVDF was stained with 0.1% Coomassie Brilliant Blue R-250 
in 10 % (v/v) acetic acid, 45 % (v/v) methanol for 1 hour followed by destaining 
in acetic acid : methanol: water (1:4:5, v:v:v) with several changes of the solution 
until the background was clear. The desired protein bands were cut with a pair of 
clean scissors and rinsed thoroughly with distilled water. The membrane was 
stored in a clean plastic bag before amino acid sequence analysis. 
4.2.6.2 N-terminal amino acid sequence analysis 
The Edman degradation principle was employed for the N-terminal amino 
acid sequence analysis which involves a series of chemical reactions that 
sequentially remove N-terminal amino acids from the protein. The amino acid 
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sequence analysis was done by HP G1000A Edman degradation unit an HP1090 
HPLC system with the help of Dr. W.S Ho of the Department of Biochemistry, 
the Chinese University ofHong Kong. 
4.2.7 Inhibition of cell-free protein synthesis 
IC50, the concentration at which translation was inhibited by 50 %, was 
determined by the protein synthesis inhibition assay using a rabbit reticulocyte 
lysate as the cell-free translational system according to the procedures described in 
section 2.2.5. Percentage inhibition on protein synthesis was calculated taking 
trichosanthin as a control for 100 % inhibition. 
4.2.8 N-glycosidase activity 
Sensitivity of the ribosomal RNA towards depurination by pisavin was 
determined by diluting the protein with 0.1 mg/ml BSA to a concentration until no 
depurination was observed, using TCS as a positive control and BSA as a negative 
control. The assay was performed according to the procedures described in section 
3.2.5. The molarities of RNA and pisavin were calculated according to section 
3.2.6 and the molar ratio ofRNA to pisavin was determined. 
86 
Chapter 4 Physicochemical and biological properties of garden pea RIP 
4.2.9 Deoxyribonuclease activity 
DNase activity was studied according to the method of Go et al. (1992). 
Reagents and buffers were prepared using MilliQ water with a resistivity of 18 
megaohm-cm. 200 ng o f D N A substrate (M13mpl8 DNA) was incubated with 
200 ng of pisavin in 14ul buffer (2 mM magnesium chloride, 2 mM calcium 
chloride and 10 mM Tris-Cl pH 7.5) at 37 °C for 12 hours. The reaction was 
terminated by addition of 1/6 volume of agarose gel loading buffer (0.25% w/v 
bromphenol blue, 0.25% w/v xylene cyanol, 30% v/v glycerol and 60mM EDTA, 
pH 8.5). 
The gel was prepared with 0.8% (w/v) agarose melted in 
Tris^orate/EDTA (TBE) buffer (10.8 g Tris base, 5.5 g boric acid, 4 ml 0.5 M 
EDTA pH 8.0 in 1 L H2O). Electrophoresis was performed at a constant voltage 
of 60V in a gel tank containing TBE buffer. After electrophoresis, DNA bands 
resolved by the agarose gel were stained with ethidium bromide (0.5ug/ml water) 
for 15 min. Subsequent destaining was carried out by washing the gel in water for 
20 min. DNA bands were visualized on a UV-transilluminator (302nm), and 
photographed with Polaroid 667 instant film. 
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4.2.10 Activity towards tRNA 
The activity of pisavin toward tRNA was determined by measuring the 
production of acid-soluble UV absorbing species according to the method of 
Mock et al. (1996). Various dilutions of pisavin were incubated with 200 ug of 
tRNA in 150 ul of 100 mM sodium acetate, pH 5.5, at 37°C for 1 hour. The 
reaction was terminated by addition of 350 ul of ice-cold 3.4% perchloric acid. 
After standing on ice for 15 min, the sample was centrifuged at 14000 g for 15 
min at 4°C. The absorbance of the supernatant, after 3-fold dilution with DEPC-
water, was measured at 260 nm. One unit of enzyme activity is defined as an 
absorbance increase at 260 nm of one by 1 mg of protein in one hour. 
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4.3 Results 
4.3.1 Molecular weight determination 
The molecular weights of a - and P_pisavin were determined by 15 % 
SDS-polyacrylamide gel electrophoresis (Figure 4.1). Interpolation of the 
mobilities of a - and P_pisavin on the calibration curve yields molecular weights 
of 20.5 kDa and 18.7 kDa, respectively (Figures 4.1 and 4.2). 
i,n. 1 2 3 
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Figure 4.1 Molecular weight determination of a - and p-pisavin 
by SDS-PAGE. Molecular weights of protein standards are 
marked on the left. Lane 1: molecular weight standards; lane 2 
and lane 3: pisavin. The positions of a - and p-pisavin are 
denoted by the arrows. 
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Figure 4.2 Calibration curve of SDS-PAGE with molecular weight 
standards (bovine serum albumin: 66 kDa, ovalbumin: 45 kDa, 
glyceraldehyde-3-phosphate dehydrogenase: 36 kDa, carbonic 
anhydrase: 29 kDa, trypsinogen: 24 kDa, soybean trypsin inhibitor: 
20 kDa, a-lactalbumin: 14.2 kDa). The molecular weights of a - and 
p-pisavin calculated by linear regression from the calibration curve 
were 20.5 kDa and 18.7 kDa, respectively. 
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4.3.2 Subunit composition 
RIPs can be divided into two groups (type I or type II) based on the 
number of subunits they possess. Type I RIPs consist of a single polypeptide, 
whereas type II RIPs are made up of two polypeptide chains joined by disulfide 
linkage. To determine whether the newly isolated RIP is a type I or type II RIP, 
non-reducing SDS-PAGE was run in order to maintain the integrity of the 
disulfide bond, if any. In the gel diagram shown in Figure 4.3，the two protein 
bands which appeared in previous gel diagrams remained in the same position as 
that of reducing SDS-PAGE. No protein band of a larger molecular weight was 
found. The samples were either boiled or not boiled before the electrophoretic run 
so that the possibility that any disulfide linkage present was broken down at the 
high temperature was ruled out. As a result, the two protein bands (a- and P_ 
pisavin) were not subunits of the same protein with a larger molecular weight. 
And both a - and p-pisavin belonged to type I RIPs. 
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Figure 4.3 Reducing and non-reducing SDS-PAGE following silver 
staining. Lane 1: molecular weight standards; lane 2: pisavin, P_ 
mercaptoethanol present in sample loading buffer, mixture had not been 
boiled; lane 3: pisavin, P-mercaptoethanol present in sample loading 
buffer, mixture had been boiled; lane 4: pisavin, p-mercaptoethanol not 
present in sample loading buffer, mixture had not been boiled; lane 5: 
pisavin, p-mercaptoethanol not present in sample loading buffer, 
mixture had been boiled. 
4.3.3 Isoelectric focusing (IEF) 
The polyacrylamide gel is shown in Figure 4.4. The pH range was most 
stable at pH 8-10.5. Only one protein band was obtained bythe sensitive silver 
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staining method. As a result, a - and p-pisavin had very close pI values that cannot 
be separated by isoelectric focusing. By comparing with the standards (lane 2), the 
target protein was located at the basic side of the gel, at a position corresponding 
to a pI similar to that of TCS. By measuring the distance of the bands of pI 
markers and constructing a calibration curve (Figure 4.5), it was found that the pI 
of pisavin was 9.5. However, since the target protein was out of the pH range of 
the pI standards, it would be more appropriate to conclude that the target protein 
has a pI greater than 9.3. 
1 2 3 
pH r 
8.15 ^ ^ 
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赢 
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9.30 >^ ***^ ' 
^ » J ^ 
Figure 4.4 Isoelectric focusing of pisavin. Lane 
1: pisavin; lane 2: pI markers (Pharmacia); lane 3: 
TCS. 
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Figure 4.5 Calibration curve ofIEF with pI standards. 
pI ofpisavin and TCS calculated by linear regression 
from the calibration curve were both pH 9.5. 
4.3.4 Detection of glycoproteins 
For the detection of carbohydrate in pisavin, the protein was separated by 
SDS-PAGE and stained with periodic acid-Schiffs stain. As shown in Figure 4.6， 
trichosanthin, which is not a glycoprotein [Barbieri et al. 1993], was not stained. 
In lane 2 where molecular weight standards were added, only one band due to 
ovalbumin, a glycoprotein, was visible. The glycoprotein a-momorcharin was also 
heavily stained. However, no staining was visible in lane 4 despite addition of42 
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i^g of pisavin. Thus according to the results of periodic acid-SchifFs staining for 
glycoproteins, pisavin is not a glycoprotein. 
1 2 3 4 
_|_____|_|___^^^^ 
^^^^^¾ 
Figure 4.6 PAS staining of glycoprotein. Lane 
1： TCS (20 p,g); lane 2: Molecular weight 
standards; lane3: a-momorcharin (20 jag); lane 
4: pisavin (42 ^ig). 
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4.3.5 N-terminal amino acid sequence 
Table 4.1 The N-terminal amino acid sequence of a - and p-pisavin in comparison 
to that ofmiraculin and other RIPs. Identical amino acids are indicated in bold. 
Protein Sequence 
a-Pisavin 1 A P E P V L D V S G K K L I T G V K Y Y 20 
p-Pisavin 1 A P E P V L D V S G K K L I T G V K Y Y 2 0 
Miraculin@3 A P N P V L D I D G E K L R T G T N Y Y 22 
1¾^¾¾ f^t^ ^^^^^^p ^¾ i^ ^Mi j^ p^p| i^#0ii 
% <i&y Xij'/^x^-v^Lv j(Z't ^j/. ^^'^ ',,:'y" %'^/jj<ii'':K'y ¥/餘/縱叙"' vw^'cs"<?^  
XCS 1 D V S F R L S G A T S S S Y G V F I S N 20 
Luffm-a 2 D V R F S L S G S S S T S Y S K F I G D 21 
Momordin I 1 D V N F D L S T A T A K T Y T K F I E D 20 
Ricin A-chain 8 I I N F T T A G A T V Q S Y T N F I R A 2 7 
Bryodin 1 D V S F R L S G A T T T S Y G V F I K N 20 
@ A taste-modifying protein from Richadella dulcifica, the sequence of which was 
obtained from the SwissProt peptide database. 
The numbers refer to the position of the amino acid residue. 
The first twenty residues in the N-terminal amino acid sequences of both 
a - and p-pisavin were APEPV LDVSG KKLIT GVKYY，indicating 100 % 
identity. A comparison ofthis N-terminal amino acid sequence with those ofother 
RIPs is shown in Table 4.1. There was little homology among the N-terminal 
amino acid sequences of pisavin and other RIPs, which was not unexpected since 
they belong to diffemt plant families. Moreover, for proteins of the same family, 
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the most conserved regions were normally found around the active sites. As the 
complete amino acid sequence has not been elucidated yet, the amino acid 
sequence around the active site could not be compared. Nevertheless, the 100 % 
identity between the N-terminal amino acid sequences of a - and P-pisavin still has 
some implications: they were likely to be isoforms of the same protein. The small 
difference (less than 2000 Da) in molecular weight between a - and P-pisavin 
suggests that one of them might have undergone posttranslational modifications in 
which a few amino acids were removed to produce a truncated form. On the other 
hand, sequence of the first twenty N-terminal amino acid in pisavin was found to 
share 65 % of homology with a taste-modifying protein, miraculin (from 
Richadella dulcifica), which is a basic glycoprotein with a molecular weight of 28 
kDa [Theerasilp et al. 1988]. 
4.3.6 Inhibition of cell-free protein synthesis 
Pisavin is a potent inhibitor of protein synthesis by a rabbit reticulocyte 
lysate. It inhibited protein synthesis with an IC50 of 0.5 nM (Figure 4.7) , similar 
to those previously reported for other RIPs (Table 4.2). 
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Figure 4.7 Effect of pisavin on protein synthesis carried out 
by rabbit reticulocyte lysate system. 
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Table 4.2 Effects ofRIPs on cell-free protein 
synthesis. Modified from Barbieri et al.(1993). 
RIPs IC50 (nM) 
Pisavin 0.5 





Momordin I 0.06 
4.3.7 N-glycosidase activity 
The N-glycosidase assay was employed to give an idea of whether the 
protein is capable of depurinating the rRNA, as visually displayed by the 
appearence ofthe Endo's band. The sensitivity of the rRNA to pisavin was also of 
interest. Pisavin was diluted with BSA solution to see at which concentration the 
Endo's band could no longer be seen. From the gel photo (Figure 4.8), it was 
found that the Endo's band was still visible at 30 nM pisavin, but was invisible at 
a pisavin concentration of 3 nM. The amount of rRNA in the assay was 11.7 i^g 
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(about 38 nM), as determined from the RNA extraction as described in section 
3.2.6, thus for an incubation time of 30 min, pisavin was capable of acting on an 
equimolar concentration of rRNA . 
1 2 3 4 5 
NT M " ^ " ^ - + - + - + 
4981 ^ ^ m ^ m m n m i i m i i m 
: ^ 6 3 8 B E J ^ H ^ f ^ ^ B g ^ l i h r y w 
2604 B B H f i | | B | i M P f | | ^ - H | | f t i l M ^ J B B 
1908 g j p p | ^ | | p | | ^ ^ f p i ^ ^ ^ | ^ ^ ^ ^ ^ 
1383 | m | y M ' ' K ^ j | \ 墨；邏！履！邏 I B ^ I i 
955 H B H | B ‘ M M I » | a | I ^ ^ B | f l | H | l 
i m m m i ^ ^ p j m y j u n ^ ^ ^ ^ ^ j | i u m f l <-
281 i m m i ^ j g | ^ u ^ ^ ^ j ^ ^ j i ^ g 
Figure 4.8 Effects ofpisavin on rRNA. 1: TCS ^)ositive control), 2: 
negative control, 3: pisavin (300 nM), 4: pisavin (30 nM), 5: pisavin 
(3 nM). Aniline treatment was carried out (+) or not carried out (-). 
The arrow denotes the position of the Endo's band. Molecular sizes 
o fRNA markers on the left are indicated as number ofnucleotides 
(NT).The arrow indicates the position of the Endo's band. 
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4.3.8 Deoxyribonuclease activity 
Upon agarose gel electrophoresis, preincubation of the M13mpl8 DNA 
with pisavin yielded a linear form ofDNA, which had a mobility in between those 
of supercoiled and circular DNA (Figure 4.9). The linearized DNA was absent 
from the negative control, and from another control with a-momorcharin added 
and the reaction terminated at time 0. 
1 2 3 4 
| ^ W ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1 n 
^ B ^ 
H ^ ^ ^ ^ K ^ ^ ^ ^ ^ ^ H B H ^ ^ ^ H | | ^ B 
p B B i U j | | ^ ^ ^ j m ^ ^ m s c 
Figure 4.9 Activity of pisavin on M13mpl8 DNA using a -
momorcharin as a positive control. Lane 1: 200 ng a -
momorcharin, reaction stopped at time 0; lane 2: 200 ng a -
momorcharin; lane 3: negative control; lane 4: 200 ng 
pisavin. For lanes 2 to 4，reaction was stopped after an 
incubation period of 12 hours, as specified in section 4.2.9. 
C: circular; L: linear; and SC: supercoiled forms ofDNA. 
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4.3.9 Activity towards tRNA 
Pisavin showed activity on tRNA, which however was not very potent as 
compared with that of momordin, an RIP from Momordica charantia (Table 4.3). 
Its potency was similar to that of a-momorcharin, but more potent than that of 
trichosanthin. 
Table 4.3 Activity of pisavin and other RIPs on tRNA. 
One activity unit is defined as an absorbance increase 
at 260 nm of one by 1 mg ofprotein in one hour. 
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4.4 Discussion 
Pisavin is the first RIP purifed from a plant member of the Papilionaceae 
family. This new RIP from garden pea exerts its catalytic activity in a similar 
manner to that of other RIPs. It differs from previously identified RIPs in 
molecular weight and sugar composition. Both a - and P-pisavin consist of a 
single polypeptide chain, i.e. they can be categorized as type I RIPs. Pisavin is a 
basic protein, with a pI greater than 9.3 and it is not a glycoprotein as most REPs 
are [Barbieri et al. 1993]. 
As determined from gel electrophoresis, a-pisavin has a molecular weight 
of 20.5 kDa, and the molecular weight of p-pisavin is 18.7 kDa. Typical RIPs 
reported to date mostly have a molecular weight of around 30 kDa. Although 
presently there were reports of several RIPs with molecular weight of about 10 
kDa [Pu et al. 1996; Gao et al. 1994], the molecular weight of about 20 kDa is 
still scarce among RIPs. The difference of the 2000 Da between a - and p-pisavin 
may probably be due to proteolytic degradation of several amino acids from the C-
terminus of the larger protein, a-pisavin. It may also arise from posttranslational 
modifications in which some groups have been added or removed. Since a 
complete amino acid sequence of the proteins has not yet been obtained, this 
postulation remains to be ascertained. Nevertheless, the 100 % homology in N-
terminal amino acid sequence suggests that they are very likely to be transcribed 
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from the same gene locus. However, the N-terminal amino acid sequences of 
pisavins show very low homology to those of other RIPs. On the other hand, in 
the search for the relatedness of pisavin with other proteins against the entire 
SwissProt peptide database , it was found that the sequence of the first twenty N-
terminal amino acids in pisavin shared 65 % of homology with that of a taste-
modifying protein, miraculin (from Richadella dulcifica), a basic glycoprotein 
with a molecular weight o f 2 8 kDa [Theerasilp et al. 1988]. This taste-modifying 
protein has the unusual property of modifying a sour taste into a sweet taste 
[Theerasilp et al. 1989]. Despite this high degree of homology in the N-terminal 
amino acid sequences, there are no reports showing that this protein is an RIP. 
Further studies could be carried out to investigate whether pisavin possesses the 
unusal property of the taste-modifying protein. 
The enzymatic properties of pisavin were typical of RIPs. N-glycosidase 
activity was not the sole molecular mechanism exerted by pisavin although it was 
the most prominent one. From the N-glycosidase assay, under the specified 
incubation time pisavin was able to inactivate ribosomes in an equimolar fashion. 
Pisavin possessed a DNase activity in addition to their ribosome-inactivating 
activity. A fragment of linear DNA was observed in agarose gel electrophoresis 
after treatment with pisavin. Since both supercoiled and circular DNA were 
present in the negative control in which no treatment with RIP was carried out, we 
could not say definitely whether the linearized DNA came from the supercoiled or 
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circular DNA. It was likely that pisavin acted directly on DNA by introduction of 
cleavages into the supercoiled covalently closed circular DNA molecule, 
transforming it into nicked circular DNA first, which in tum gave rise to the linear 
form ofDNA. Besides rRNA and DNA, tRNA was also found to be a substrate of 
pisavin, though the activity was not as potent as that of momordin. These 
activities of pisavin on the adenine-containing polynucleotides agree with recent 
findings which suggest that RIPs should be renamed as polynucleotide-adenine 
glycosidase [Barbieri et al. 1996; Roncuzzi et al. 1996]. 
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Chapter 5 GENERAL DISCUSSION AND CONCLUSION 
In the present study, a new RIP was purified from garden pea {Pisum 
sativum), which belongs to the Papilionaceae family from which no RIP has ever 
been reported. A series of chromatographic methods was employed in the 
purification scheme, including affinity chromatography on Affi-gel Blue gel, 
immobilized metal ion affinity chromatography (IMAC) on Iminodiacetic acid-
agarose, cation-exchange chromatography on Resource-S, and gel filtration on 
Superose 12 HR 10/30. Except IMAC, the other types of chromatography have 
commonly been used in the purification of RIPs. Li the present purification 
studies, IMAC was proved to possess a high separating power for RIPs and can be 
employed for the purification of other RIPs, may be by slightly modifying the 
buffer conditions. Indeed in the final step of purification by gel filtration on 
Superose 12 HR lO/30, two proteins of very close molecular weights (20.5 and 
18.7 kDa) were obtained which were designated as a - and P-pisavins, 
respectively. These two proteins merged into a single band on isoelectric focusing, 
and thus these two proteins should have the same or at least very close pI values. 
The sequences of the first 20 N-terminal amino acids are identical. This high 
degree of physicochemical similarity may explain why these two proteins could 
not be separated by ion-exchange chromatography and IMAC. Moreover, their 
similarities in physicochemical properties suggest that they might be transcribed 
from the same gene locus, but were subjected to different postranslational 
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modifications, or a few amino acids or some other groups were added or removed 
from one of them. Further work could be done to verify this, e.g. by elucidating 
the full amino acid sequence. Despite the low degree of homology in N-terminal 
amino acid sequences between pisavin and other RIPs, the sequence of the first 
twenty N-terminal amino acids of pisavin demonstrates an unexpectedly high 
homology to that of miraculin, a taste-modifying protein from Richadella 
dulcifica. The relatedness of pisavin to miraculin needs to be clarified. 
Pisavin acted on the ribsomal RNA, releasing a specific Endo's fragment 
from the 28S ribosomal subunit after acid aniline treatment. The action on 
ribosomal RNA was demonstrable after a 30-min incubation with an equimolar 
amount of pisavin. Protein synthesis by rabbit reticulocyte lysate translational 
system was potently inhibited with an IC50 of 0.5 nM. Besides the specific action 
on ribosomal RNA which was an intrinsic property of RIPs, pisavin was also 
found to act on DNA, changing the conformation of DNA from supercoiled and 
circular forms into a linear form. Activity of pisavin towards tRNA was also 
observed, although it was not very potent. 
The presence ofRIP in garden pea suggests that more new RIPs could also 
be found in the same family ofPapilionaceae infering from the fact that when one 
RIP was isolated from a member of a plant family, other RIPs are also likely to be 
found from other members of the same family such as Cucurbitaceae pSfg et al. 
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1992] and Phytolaccaceae [Parente et aL 1993; kvin et aL 1980]. The availability 
of more RIPs can help not only in the study of their distribution in the plant 
kingdom, but is also useful in investigating their role in the plant and providing 
more choices for the construction of immunotoxins and the conferment of 
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